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Foreword -

Toxics Use Reduction often
makes sense both in terms of
corporate profits and
environmental protection.

The aim of this manual is to help businesses develop and sustain Toxics Use
Reduction (TUR) programs which will make sense both in terms of corporate
profits and environmental protection. The manual is intended to help industry
reduce or eliminate the use of toxics and/or the generation of toxic by-products
at the source, before they have a chance to endanger public health and the
environment.

This manual is designed for the use of all Massachusetts institutions
which use toxics —- both those which are required to do TUR planning by
Massachusetts General Laws, Chapter 21 I, the Toxics Use Reduction Act of
1989 (TURA), and those small-quantity toxics users not covered by the law.
The manual should prove particularly useful as a do-it-yourself guide for small
and mid-sized firms which lack in-house TUR expertise yet wish to launch TUR
programs.

The manual has been developed by the state Office of Technical
Assistance and reviewed by businesspersons, environmental specialists and
others. Our hope is that it will serve as a tool for sharing the valuable lessons
derived from the hands-on experience of OTA and these business leaders.

In writing this manual, we have sought to create a document which will
prove useful in the everyday work of manufacturing professionals. To this
end, we have included practical step-by-step guidance to all phases of TUR,
from setting up a TUR team and setting corporate TUR goals, to identifying,
assessing and implementing changes which will reduce industnal toxics at the
source. Where possible, we have included charts and worksheets designed to
save labor and streamline the TUR planning process.

At intervals throughout the manual, we have included case studies of
actual TUR acuvities at Massachusetts businesses. These are included for
purposes of illustration only. Mention of any particular equipment or
proprietary technologics does not represent an endorsement of these products
by the state of Massachusetts nor an assertion that they are appropriate forevery
process.

How To Use This Manual

Each business will come to this manual with different needs and different
levels of expertise. For instance:

*Those who bave no previous experience with Toxics Use Reduction may wish to begin
with the introductory Chapter | and work their way through the manual sequentially.

* Those who already know the basics and are ready to begin launching a TUR program
may wish to dispense with the inroductory Chapter 1 and start with Chapter 2.
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Executive Summary

A Toxics Use Reducuon
program can help your firm t

improve production efficiency,

cut chemical purchase and
disposai costs. lower liability
risks, improve worker health
and safety. reduce regulacory
fees and ease compliance
headaches.

Chapter |: Answering Basic Questions About
Toxics Use Reduction

Toxics Use Reduction 1s a promising new approach to the management of toxic materials.
It has been used by businesses in Massachusertts and around the country to reduce emissions
of environmentally harmful toxics while often resulting in a boost in profits.

Essennally, TUR refocuses attention away from treatment of toxic wastes which have
alreadyv been produced and toward the elimination or reduction of toxics at the point of
producton Because it deals with toxic substances at the source, before they have a chance
to become pollutants or contaminants, TUR represents the most environmentally responsible
approach to the management of industrial toxics.

The aim of this manual ts to belp Massachusetts businesses in a variety of industries to
launch successful and cost-effective TUR programs. Such a program can help your firm to
improve production efficiency, cut chemical purchase and disposal costs, lower liability
risks, improve worker bealth and safety, reduce regulatory fees and ease compliance
headaches

This manual ts also designed to provide general guidance to businesses subject to the
planning requirements of (MGL Chap. 21 I) the state Toxics Use Reduction Act (TURA).
TURA planning requirements apply to all businesses which meet all rhree of the following
critenia:

* Employ the equivalent of 10 or more full-time employees (I employee =
2,000 work hours/year).

* Fall within Standard Industrial Classification (SIC) Codes 10-14 (mining);
20-39 (manufacturing); 40, 44-49 (transportation, communications, gas,
electric, and sanitary services); 50, 5| (wholesale trade); and 72, 73, 75, 76
(certain services).

* Process or manufacture at least 25,000 pounds or otherwise use at least
10,000 pounds of substances regulated under Title lll of the federal Super-
fund Amendment and Reauthorization Act (SARA). From 1991 to 1993,
the act was expanded gradually to include ail substances regulated under
the federal Comprehensive Environmental Response and Compensation
Liability Act (CERCLA).

The manual has been prepared by the state Office of Technical Assistance - a non-
regularory state office whose purpose is to assist Massachusetts industry in its TUR efforts.
OTA, whuch 1s funded by the state TURA fee, has worked with several hundred Bay State
businesses and provided concrete TUR recommendations to more than 300 firms. Informa-
tionabout OTA 's conferences, workshops, free and confidential site visits and other technical
assistance services can be obtained by writing to: Office of Technical Assistance, Executive
Office of Enviroamental Affairs, Room 2109, 100 Cambridge Street, Boston, MA 02202
or by calling OTA at (617) 727-3260 during business hours.




ExecuTivE SUMMARY...

The more TUR optons you
consider, the more likely you
are to select the one that is
best for your plant

The final analytical step is the use of rudimentary materials accounting techniques to
estimate the magnitude of each toxic byproduct. Once your analysis is complete, your team
can conduct a formal walkthrough of your production facilities in order to check the
information you have collected and begin brainstorming about process changes which might
reduce reliance upon toxics.

It is important to keep 1n mind that the process of gathering data is intimately linked to
the process of identifying TUR options. The information you gather should indicate to you
where toxics are being lost, and each loss provides an opportunity for TUR. Often, TUR
options will become apparent once you have identified these losses. It might be wise to have
each TUR team member keep a notebook during the information-gathenng stage in which
to record ideas about TUR options.

Chapter 4: Identifying TUR Options

At this point, vour TUR planning efforts enter the creative phase. The object of this phase
is to draw up as complete a list as possible of alternatives for reducing or eliminating your
use of toxic substances and/or your generation of toxic byproducts.

Perhaps the best way to draw up such a list is to hold a group brainstorming session
designed to elicit input from as many team members as possible. This will guarantee that your
list of TUR opuions will reflect 2 vanety of perspectives and areas of expertise.

Your bramstormng can be structured to insure that your team considers all six generic
types of TUR: product reformulation, input substtution, process redesign, process modern-
1zation. improved operanons and maintenance, and in-process recycling or reuse.

Of course, 1t 1s not always pecessary to go through a formal options-generation process
such as the brainstorming session described in this chapter. You may already be convinced
that you know what needs to be done, or you may find that some common TUR technique
or technology — such as solvent substinution, metal recovery, drag-out management,
chemical bath life extension. opumal process control, or improved storage and handling —
is appropnate for your busimess.

However, the most typical mistake at this phase is to settle for an inadequately small list
of options. Keep in mind that the more options you consider, the more likely you are to select
the one that 1s bes: for your plant.

If your in-house personne! lack sufficient familiarity with TUR techniques and technolo-
gies, you may wish to supplement your brainstorming session by contacting trade associa-
tions and indusiry colleagues. conductung some technical research, or soliciting help from
vendors and consultaots.

You may also wish to earoll ope or more of your team members in classes on TUR
pianning. Under state law the University of Massachusetts at Lowell has been chosen as the
state’s Toxics Use Reducuoan Institute (TURI), and has been charged with training industry
employees in TUR plannmg. More information about TURI's classes can be obtained by
writing to: Toxics Use Reduction Institute, University of Massachusetts at Lowell, One
University Avenue, Lowell, MA 01854, or by calling (508) 934-3275.

Alternatively, you can call upon OTA’s TUR specialists to visit your plant, study your
production processes, and submit recommendations. Youcanreach OTA at(617)727-3260.
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Chapter |I: Answering Basic
Questions about TUR

|.0: Toxics Use Reduction -- An Overview

The Aluminum Processing Company, a Fall River-based subsidiary of Lighto-
lier-Genlyte Group with about 250 employees, replaced a vapor degreasing
process which used toxic trichloroethylene (TCE) with a non-toxic aqueous
degreasing process, reducing TCE use by B0% while realizing a net profit of
approximately $100,000 over the lifetime of the project.

The | 10-employee Kilmartin Tool Company of southeastern Massachusetts
pumped freon out of its degreasers and into sealed containers after each
use, cutting its losses of ozone-depleting chlorofluorocarbons (CFCs) by
83% while saving $5,000 per year in Freon costs.

The Robbins Company, a Massachusetts-based jewelry manufacturer and
plating company with about 350 workers, used readily available metal
reclamation technology to cut its chemical usage by B1.8%, reduce its
toxic waste generation by 89%, recycle water, and realize annual savings
of $71,000 —~ recouping its initial investment in less than two years.

What do these companies have tn common? They have all pursued a new approach to toxic
industrial byproducts which goes by the name “Toxics Use Reduction” (TUR).

TUR is a promising new approach in industry thinking about the use of toxic materials.
In essence, it refocuses attention away from the treatment and disposal of toxic wastes which
have already been produced. and toward the elimination or reduction of toxic substances
within the production process itself.

This refocusing of artention was initiated in 1975 by the 3M Company, which estimates
that its worldwide Pollution Preveation Pays (3P) program has saved it over $537 million
while preventing more than 577,000 tons of pollutants and 1.7 billion gallons of wastewater.
In the intervemung years, 3M's ideas have been embraced by many Fortune 500 companies,
including DuPont, Dow, IBM, GE, Chevron and the like. Here in Massachusetts, such
businesses as Monsanto, Digital Equipment Corporation, W.R. Grace, Polaroid, Raytheon
and Texas Insruments have led the way by launching their own pollution prevention




CHAPTER | : ANSWERING Basic QuesTions AsouT TUR...

A successful TUR program
requires a comprehensive
examination of manufacturing
processes and a detailed
assessment of the coss
associated with the use of
various toxic materials.

TUR also improves upoa other more traditional approaches to environmental control with
its broad “muiti-media™ scope. While traditional pollution control may reduce emissions
into one mecium, such as the air or the water, it often does so by shifting the burden to another
medrum. Such burden-shifing does not count as TUR.

It 1s oot TUR. for wnstance, to capture a toxic air emission with filters which themselves
have to be landfilled. for ttus does not eliminate the costs, regulatory headaches and liability
concerns associated with toxic wastes, nor does it eliminate the environmental threat posed
by the toxic substance — 1t merely shifts the threat from the air to the land. On the other hand,
a process change which reduced or eliminated the use of this same industrial toxic would be
an example of TUR

Because TUR focuses on the use of toxic materials, a successful TUR program requires
a comprehensive examination of manufacturing processes and a detailed assessment of the
costs associated with the use of various toxic materials. TUR planners must gain precise
knowledge of therr facility's processes and operations, and they must consider, evaluate,
select and implement changes aamed at reducing reliance upon toxic substances. This manual
provides a guide to all phases of the TUR planning process. It introduces a vanety of
analvtical tools for assessing manufacturing processes and weighing the costs of alternative
processes.

It should be noted. however, that because TUR requires creative thinking about the
specific processes and technologies appropriate to each manufacturer, the TUR planning
process cannot be reduced to 2 handy, foolproof formula. As a result, this manual should
not be seen as a guaranteed step-by-step guide to TUR success. The techniques in this manual
will have to be supplemented by a thorough and creative exploration of the alternatives open
to your company.




CHAPTER | : ANSWERING BAsic Questions AsouT TUR...

In 1986, Massachuserts
businesses produced approxi-
macely 250.000 tons of
hazardous wastes, and spent
an esumated $76 million to
manage and dispose of those
wastes. Since then, hazard-
ous waste transportanon and
disposal coss have oniy
climbed.

|.2: Why Should Your Business Pursue TUR?

The elimination or reduction of workplace toxics has always made good sense from the point
of view of worker safety, public health and environmental protection. In Massachusetts,
where hazardous waste disposal facilities currently have an inadequate capacity and access
to out-of-state disposal facilities is increasingly limited, TUR is an essential element of any
responsible hazardous waste policy. Many businesses have been moved by these critical
concerns to iminate TUR programs.

There are also powerful bottom-line reasons for pursuing TUR projects. In recent years,
treatment and disposal costs for hazardous wastes have risen, while regulatory fees and
paperwork associated with toxic materials have become increasingly steep. In 1986,
Massachusetts businesses produced approximately 250,000 tons of hazardous wastes, and
spent an esumated $76 million to manage and dispose of those wastes. Since then, hazardous
waste transportation and disposal costs have only climbed.

Simuitaneously, federal Superfund legislation has made businesses which generate
hazardous wastes potenually hable for the full cost of any ciean-up which may become
necessary at disposal sites which they have used. Woburn, Massachusetts was recently the
site of the largest Superfund settlement in New England -- a case which cost four businesses
atowal of $69 mullicn. Businesses have also been hit with large fines and suits for accidental
releases of wxics and for worker health problems arising from exposure to toxics. The result
1s thar buswpesses which connnue 1o produce large quantities of toxic wastes incur steep day-
to-day costs and expose themselves to tremendous financial risks — risks which they often
fail to appreciate fully unnl the day when an accident happens.

Against the backdrop of the soarng costs and liability exposure associated with the use
of hazardous matenals, 1t bas begun to make increasing sense from a purely economic point
of view t0 invest 1n alternative substances and processes which reduce reliance on industrial
toxics, wherever possible Many TUR changes require little capital and are relatively simple
to carry out These changes — which may include better storage controls, inventory
management and spill prevention — often begin adding to profits almost immediately.

Quite often. even the most complex TUR changes such as process modifications or input
substitutions also pay for themselves very quickly. Many companies have found that these
sorts of projects can give a positive boost to bottom-line profits within one to two years.

The Benefits of TUR

Since TUR aims ar the reduction or elimination of waste, it often helps manufacturers to
improve their production efficiency and achieve other goals raditionally associated with
quality inprovement programs. For instance, TUR can help businesses to economize on
maternals, cut produchoe tune, umprove product quality, decrease transport, treatment and
disposal costs. reduce reguiatory fees and compliance headaches, improve worker safety, cut
worker's compensation msurance rates, and reduce their Superfund liability exposure. In
addiuon, TUR can unprove communiry relations and reduce the chances of public litigation.

Full apprecianon of the financial benefits of TUR requires a relatively fine-toothed
accounting of the costs associated with various production processes. Tradidonal accounting
tools do not generally provide enough detail to permit calculations of the costs and benefits
of TUR projects. As a result, TUR planners have stressed a form of accounting which
measures g// of the bottom-line costs and benefits associated withreduced reliance on toxics.
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CHAPTER | : ANSWERING Basic Questions AsouT TUR...

In july of 1989, the Massa-
chusetts legislature unani-
mously passed the Toxics Use
Reducton Act (TURA), the
first and one of the most
ambitious smte polluton
prevenuon bills.

quantity users of toxic matenals: (1) to report annually an their use of toxic substances; and
(2) to undergo a planning process that involves a close examination of toxics use patterns,
an evaluanon of the true cost of using these toxics, and an effort to identify and evaluate TUR
options. TURA sets “a statewide goal of reducing toxic waste generated by 50% by the year
1997 using toxics use reduction as the preferred means of meeting this goal.” (TURA 1.1)

Who Is Subject to TURA?

The planrung and reporung requirements of TURA apply to firms which meet the
following three cnitena

* Employ the equivalent of |0 or more full-time empioyees (| employee =
2,000 labor hours/year).

* Fall within Scandard industrial Classification (SIC) codes 10-14 (mining); 20-
39 (manufacturing); 40, 44-49 (transportation, communications, gas,
electric, and sanitary services); 50, 51 (wholesale trade); and 72, 73, 75, 76
(certain services).

* Process or manufacture at least 25,000 pounds or otherwise use at least
10,000 pounds of substances regulated under Title lll of the federal Super-
fund Amendment and Reauthorization Act (SARA). From 991 to 1993,
the act was expanded gradually to include all substances regulated under
the federal Comprehensive Environmental Response and Compensation
Liabilicy Act (CERCLA).

Compantes which meet al! three of these criteria are categorized by the law as Large
Quantity Texics Users (LQTUs) These firms are required by TURA to file annual reports
which detail their use of lisied substances and document their ongoing efforts to reduce or
eliminate thew dependence on these substances. By July 1, 1994, each of these businesses
must also develop and cerufv a Toxics Use Reduction plan with specific two-year and five-
year byproduct reduction goals and a detailed implementation schedule.

All Massachusetts toxics users which do not meet the above three criteria are categorized
as Small Quantity Texscs Users (SQTUs). Cerrain SQTUs which fall into designated
"priority user segments” mayv also be subject to TURA reporting and planning requirements.
Under TURA. pnonty user segments cannot be identified until July 1, 1995.

Those toxics users who are subject to planning requirements must submit a plan summary
to the state Deparmmest of Environmental Protection (DEP). The full plan must be available
on facility premises for waspecton by DEP officials.

Plan updares must be completed every two years after the first year in which a plan is due.
These plan updates must explain any failures to meet planned goais and schedules. All plans
and plan updaes must be certfied by the facility's senior management official and by a trained
Toxics Use Reduction Planner.

Section Al.2 of Appendix 1 explains the annual TURA reporting process, while Section
Al.3of Appendix | describes the planning requirements. The Addendum contains the Toxics
Use Reducton Act Planning Regulatons (310 CMR 50.00). These planning requirements
are presented w summary form in Figure iC, which appears on the following page.
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CHAPTER | : ANSWERING BAsic QuesTions AsouT TUR...

To date, OTA has worked

with several hundred Massa-
chusetts businesses, and has
provided on-site consultation
and concrete TUR recommen-

danons to more than 60 firms.

|.4: What Is OTA and How Can It Help Your
Business?

The Office of Technical Assistance for Toxics Use Reduction is a nonregulatory state office
whose purpose is to assist industry in its Toxics Use Reduction efforts. Though OTA was
established in 1989 with the passage of TURA, its precursor - the Office of Safe Waste
Mapagement - had by that time already gathered many years of experience helping
Massachusetts businesses to reduce their use or generation oftoxic substances. Todate, OTA
has worked with several bundred Massachusetts businesses, and has provided om-site
consultahon and concrete TUR recommendations to more than 300 firms. It has also held
over 100 Toxics Use Reduction workshops throughout the state.

OTA is not an enforcement agency. The office's mandate is to provide technical advice
and resources to compames which are subject to TURA reporting and planning requirements.
It is also responsible for helping other small businesses not subject to TURA to reduce or -
eliminate their rehance on toxic substances. Under TURA, OTA's services are confidential
and the office is requured to give priority in its assistance efforts to firms referred by DEP and
10 companies I PnorIty user groups.

OTA. whuch 1s funded by the TURA fee, offers the following nonregulatory services to
Massachusetts toxics users at oo charge:

* Performs on-site Toxics Use Reduction assessments designed to help you
identify TUR opportunities and learn about alternative processes and

technologies appropriate to your company.

* Responds to telephone and written requests for general information about
Toxics Use Reduction and specific information about the legal require-
ments of TURA.

* Conducts financial analyses to identify the economic benefits of TUR
projects.

* Sponsors conferences, workshops, seminars and trade fairs to disseminate
information about TUR techniques and technologies.

* Promotes alternative manufacturing processes that reduce toxic substance
use, harardous waste generation, toxic 2ir emissions and wastewater

discharges.

The Office maintains an up-to-date library of resources and publications on all aspects of
TUR. The lubrary includes technical information on altermative TUR processes and
technologies for a sumber of major industries, including metal finishing and plating,
metalworking, pulp and paper, and chemical manufacturing. A partial listing of these
documents 1s reproduced in Appendix 3 of this manual.

In addition to its direct technical assistance services, OTA may be able to help your
business by putting you in touch with other companies which have faced similar toxics
management problems, and which have solved them through successful TUR.
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Chapter 2: Getting Started

2.0: Getting Started -- An Overview

Sometimes. TUR ideas can come to light immediately, with little planning. For instance,
one Somenlle firm recently decided, after a five-minute phone conversation with OTA, that
1ts purchase of nitnc acid etchant could be cut dramatically by instailing a vacuum distillation
unit which recovers acids for reuse.

Some companies using this manual may have similar experiences. They may strike upon
obvious. ume-tested process changes which promise immediate reductions in their toxics use
and tn therr chemical purchase and disposal costs. A list of some of the most common and
widely applicable TUR changes 1s mncluded in Chapter 4 (see Figure 4H).

More typically, successful TUR requires a sustained program headed by an active TUR
team. This team"stask is to take the lead in analyzing production processes, identifying TUR
options, submithing options to careful scrutiny, and implementing TUR process changes.

By creanng such a team, vour business will maximize its chances of identifying and
selecting the TUR options most appropnate for it. Perhaps more importantly, the team will
still be there when the project 1s done to help track progress, draw lessons from successes and
failures, plan addihonal TUR projects, and build worker acceptance of TUR process changes.

This manual 1s wnitten with the needs of such a TUR team in mind. This chapter focuses
on forming such a team and g1ving 1t the management support it will need in order to succeed.
Subsequent chapters are designed to guide the team in the investigation, identification,
assessment and iumplementation of TUR options. However, these same chapters should
provide useful guidance to those who elect to pursue TUR more informally.

2.1: Developing a TUR Policy Statement

Much like a quality improvement program, an effective Toxics Use Reduction program
requires a comprehensive, company-wide shift in the way your business thinks about its
production processes. Businesses which have initiated TUR programs have found that useful
suggestions are likely to arise from all quarters. For instance, while engineers may be in the
best position 10 idenufy and evaluate the feasibility of altermative technologies, factory

21
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CHAPTER 2: GETTING STARTED...

FIGURE 2B: THE TUR PLANNING TEAM:

(Note: in small firms, the same person may wear several of these hats)

MEMBER RESPONSIBILITIES

l. MANAGEMENT -Demonstrate corporite commitment.
-Set and enforce long-term goals.
-Have authority to impiement changes.

1 ENGINEERING AND DESIGN  -Provide information on current processes.
-Contribute ideas for chamging processes.
-Gauge the technical feasibility of proposals.
-Identify parameters for opdmal functioning.

3. ENVIRONMENTAL -Caiculate treatment and disposal costs.
COMPUANCE -Gauge environmental effects of proposals.
-Ensure compliance with regulations.

4. FAINANCE/PURCHASING -Caiculate costs of current operations.
-Calculate costs and savings of propesals.
-Track costs and benefits of actual changes.
-implement changes in inventory control.

S. SALES & MARKETING -Provide insight into customer needs.
-Educate customers about TUR changes.
-Market products as environmenually responsibie.
-Monitor customer reactions to product changes.

6. PRODUCTION WORKERS -Provide accurate descriptions of production practices.
-Suggest ideas on new approaches.
-Gauge compatibility of changes with work practices.
-Supply feedback on frondine effects of changes.
-Increase worker support for production line changes.

Larger Companies might consider including:

QUALITY CONTROL -Gauge compatibility of changes with quality specs.

LEGAL -Gauge effects of TUR on regulatory requirements.
-Gauge effecs of TUR on corporate liabilicy.

SAFETY & HEALTH -Provide dam on health and safery effects of toxics.
-Evaluate effecs of TUR on worker health and safery.

MATERIAL CONTROL & -Provide information on material storage and use.
INVENTORY -Suggest methods for improving storage and handling.

RESEARCH & DEYELOPMENT  -Consider modifications to product design.
-Consider TUR goais during new product deveiopment.

(NOTE: Adapted from the Minpesota Pollution Prevention Manual.)




CHAPTER 2: GETTING STARTED...

TUR goais should be conss-
tent with the management’s
facility-wide TUR policy.
ambinous enough to mouvate
significant TUR effors, yet
realisuc enough to serve as an
approprnate measure of
success — ona which will not
guarantee falure from the
start.

2.3: Setting TUR Goals

One of the first tasks facing the TUR Planning Team is the seting of TUR goals. These goals
should be g1ven a great deal of thought, as they should be consistent with the management’s
faciliry-wide TUR policy, ambinous enough to motvate significant TUR efforts, yetrealistic
enough to serve as an appropriate measure of success - one which will not guarantee failure
from the start.

Evenrually, vour TUR goals should provide a specific quantified statement of the short-
and long-term reducnons wn toxics use which you intend to achieve. However, it is notusually
possible to formulate such specific goals from the very start, before your team has begun to
invesngate opportunines for TUR 10 your plant. In practice, your goals will probably evolve
from qualitanve directives to quanutanve aims as your TUR program progresses.

For instance. you may wish to begin with the general goal of achieving a 30% reduction
of toxics use and or byproducts i two years, and a 50% reduction in five years. In many
industries. such reducnoas are eminently achievable. Then, as you pinpoint the most
promusing TUR opportuastes wn vour plant, you can make vour goals more concrete. For
instance, vou might choose to focus vour near-term efforts on reducing your use of cleaning
solvents, whule focusing vour long-term efforts on substituting aqueous cleaners for solvent-
based degreasers

Keep 1 mind thar as vou make your goals more precise, you will also want to strike upon
a TUR action plan. compiete with a umetable for the concrete steps you must take in order
to fulfill your TUR goals This action plan should be coordinated with your quality,
efficiency. productvity, safety and energy and water conservation programs. This topic will
be revisited tn Chaprer 6
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FIGURE 2C: THE TUR FLOW CHART:

J/lnpuc Dedision to launch TUR program

BOX . GETTING STARTED (Chapter 2):

I. Gain management commitment.

1 Deveiop dnt TUR Policy Suatement.
) Orgarvze TUR Planmng Team.

4. Set provasomal TUR Goals.

\L Ouguc TUR program organized and ready to proceed

BOX It PROCESS ANALYSIS (Chapter 3):

Coliect genersi data on chemical use/costs.

Turget parvcuiar subsances/processes.

Create process flow dugrams and

chemcal pathway analyses.

Ute materais sccounting to measure byproducts.
$ Conduct waiktowougn of enure facility.

80X Ht IDENTHFY TUR OPTIONS (Chapter 4):

! Hoid 1n-howse drumstorming session.
1 Seeh wpwt from owt-of-house experts.

\Lw Comprehensive list of TUR

BCX N EVALUATE TUR OPTIONS (Chapter 5):

|. Scresn owt opeovs whach are not feasible.

2 Submit opoons o mechmcal, financial,
svd managerte! siemIment

). Select vest opoons) for implementation.

Output Characterizauon of targeted substances/processes

¢Ovouc Proposed TUR process change(s)

BOX Vv HMPLEMENT TUR CHANGES (Chapeer 6):

I Secure approva and funding for project.
1 Cream omeine for changes.
) imprement chrange:.

Begin New Project

J/Ovcpuc Successfully Implemented TUR project

BOX Vi MEASURING PROGRESS (Chapter §é):

{. Maasure progress and report on success/failure.
1 Document reductons in coso and toxics use.
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Chapter 3: Characterizing
and Analyzing Processes

3.0: Analyzing Processes -- An Overview

One key to successful TUR 1s gainmg a detailed and comprehensive picture of your toxics use
patterns. The analytical tools and data which you assemble during this stage of TUR planping
are absolutely cntical, as they are vour primary means for pinpointing wasteful practices,
identifying TUR opportuniues, and calculating the costs and benefits of proposed changes.

This chapter walks vou through the process of analyzing your production processes —
beginning with the most general wformation-gathering stages, and working towards the
highly detailed analysts of tndividual processes needed to spot TUR opportunites.

Those firms which have already chosen a particular process for focused examination may
wish to turn directly 0 3 3 and begin constucting process flow diagrams of those processes.

If your team feels, at any stage in the process, that a visit to the factory floor is needed in
order to get a better picture of production processes, you may wish to turn ahead to Part 5,
which explains bow to organize a group walkthrough.

It is important to keep 1n mind that the process of gathering data is intimately linked to the
process of identifying TUR options (described in Chapter 4). The information you gather
should indicate how much vour toxics cost you and where thev are being used inefficiently.
This alone often bnngs to mmd alternative techniques and processes. Itisagood ideatohave
each TUR team member keep a notebook during the information-gathering stage in which to
record ideas about TUR opuons.

3.1: Gathering and Organizing Information

With a TUR Policy Statement and tentative TUR goals already in place, your team is now
ready to sharpen its knowledge of the use of toxics on premises. The first data-gathering goal
is to gain a general overview of the chemicals which enter and leave your facility. This
informanion has uses which extend far beyond TUR planning. It should prove useful in
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Chemical input and Chemical
Output damabases have uses
which extend far beyond
TUR. For example, they may
heip you tw improve congol of
your chemicals inventory and
keep abreast of regulatory
compliance.

Just as with the first database, this basic information may be supplemented as your TUR
program grows. Buteven before you have gathered any additional information, your two lists
should give you a relanvely comprehensive picture of the toxic substances entering and
leaving your facility, and of how much they are costing your business. In most cases, this
will be enough informaton to permit initial discussion of cost-effective TUR opportunities.

Where To LookFor Data

Some companies may find that all of the information included in these two data-bases is
already available in one central place — perhaps in the purchasing or environmental
engineenng department. However, even if your company has not already assembled such
data, the basic informanion you need should still be available on premises. The trick is to put
your hands on it.

Your regulatory records are a good place to begin looking. Assign one or more team
members to comb through these records in search of information about your use of toxics.
If your firm emits enough toxics to be subject to federal SARA 313 reporting requirements,
then your Form R report will have a great deal of the information you seek. If you are subject
to TURA reporting requirements, then your Form S will also include detailed information
about your toxics use, emissions, and byproducts.

Addinonal informanon about your RCRA hazardous wastes can be found by reviewing
your manifest reporting records, while your POTW (Publicly Owned Treatment Works) or
NPDES (Nanonal Pollutant Discharge Elimination System) permits will contain ready
information on your water discharges. Finally, if you have a state DEP Air Source
Registranon, then your application records will include data on your air emissions.

Assign addinonal team members to mine other sources of data on toxics use. These might
include purchasing records. Matenal Safety Data Sheets (MSDSs), stockroom and inventory
records, delivery records, maintenance materials records, quality standards and customer
product specifications, and or process flow diagrams prepared by production engineers.

In addinon. appropnate team members should gather rough information about purchase
costs and treatment or disposal costs. This data will eventually be used to conduct a thorough
financial assessment of the costs associated with your current production processes. (See
Chapter 53. secnon 'a’ "Listing Current Operating Costs")

Insuring Accuracy

In some cases, the information vou gather at this stage will not be up to date, and willno longer
accurately reflect vour facthty's production practices and toxics use patterns. You will have
a chance to venfy your data when you conduct a facility Walkthrough (Chapter 3.5).

The walkthrough 1s descnbed at the end of the chapter because it serves as a chance to
confirm the data vou gather during other stages described in this chapter. However, you may
wish to alter the order, conducting walkthroughs at earlier stages iz order to check up on
informanon as vou gather it.

31




CHAPTER 3: CHARACTERIZING AND ANALYZING PROCESSES...

As you gather information,
you should condnually ask:
“Why do we use the
substance or process in
question!”; “Where might
processes be aitered or
substances substituted in
order o reduce our use of
toxic materials?”

Your choice of a focus may also depend in part upon how much TUR experience you have
already accumulated. For instance, if you are new to TUR, you may wish to select a project
which is not terribly complicated or which will provide a good learning experience. Success
in such a project could help solidify your company's commitment to TUR.

The twin dara-bases developed above should prove helpful in your efforts to identify
substances and processes which merit targeted attention. Keep in mind that as you narrow
your focus, vou should revisit and sharpen your preliminary TUR goals (see Chapter 2).

TURA NOTE: So far, process characterization has been described in relatively
informal terms. Companies subject to TURA reporting and planning requirements
must meet more formal requirements. Specifically, they mustanalyze toxicsuse and
consider possible use reductions in each of their “production units”. A producrion
unit is any process or combination of processes which produces a product -- where
“product™ may be defined very broadly to encompass final products, intermediate
products (potentially saleable goods which are used to create other products), results
(e.g. the cleaned clothes produced by dry cleaners), or families of related products
or resulis.

These legal 1ssues are discussed at greater length in Appendix 1. The important
thing to note bere 1s that, at least during this preliminary stage, it is not inconsistent
with vour TURA compliance efforts to focus your attention on a particular toxic
substance rather than on a particular production unit. Once you have determined
which production units are responsible for the most significant or most readily
avoidable losses of thus substance, then you can meet TURA’s requirements by

* planning toxics use reduction changes for these production units.

Gathering More Detailed Information

Once you narrow your focus, you can begin to gather the more specialized data you will need
in order to understand u/! of the various effects which the targeted substance or process has
on your business and the environment. Until you have this sort of understanding, it will be
difficult o evaluate proposed changes for possible adverse side-effects.

It is particular]y important to understand the effects of the targeted process or substance
on production techmiques and processes, byproducts and emissions, product quality, worker
health and safety, and the environment. You will also need as precise an idea as possible of
purchase, reatnent and disposal costs in order to assess the financial viability of proposed
changes.

As you gather this addinonal information, youshould keep a few key questions continually
in mind: “Why do we use the substance or process in question?”’; *What effects do these
substances or processes have on public health, worker health and safety, and current or future
environmental compliance””; “Where might processes be altered or substances substituted
in order to reduce our use of toxic materials or our generation of toxic byproducts?”; “How
might we save money by optimizing production processes and the efficiency of chemicals
use?”
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FIGURE 3B: IN-PLANT DATA FOR PROCESS
CHARACTERIZATION:

ENVIRONMENTAL RECORDS:

TURA Form S

Mandest Repora

POTW or NPDES Permis

DEP Aur Source Registration Records

laboratory Waste Analyses and Flow Measurements
Responses to Past Government Surveys

PROCESS SCHEMATICS:

Facikey Blueprmnt
Schemaucs of Storage, Processing and Shipping Areas

Piping Duagrams
Process Row Druagrams or Other Process Descripdons

TECHNICAL DATA ON SUBSTANCES AND PROCESSES:

Matera! Satety Data Shees

Mamntenance Procedurss and Records

Producuon Line Scheduling Records

Producoon Line Job Sheew. Batch Make-up Records and Mix Ticketws

Equipment Operaong Manuals

TECHNICAL DATA ON PRODUCTS:

Customer Specications
Quakey Conaol Records
Advertiteaments

Proguct Data Sheets

OTHER BUSINESS OPERATIONS RECORDS:

Chemical inventory Records
Chemucai Deirvery Records
Chemcal Purchasing Dana

Product Sales Records

Waste Tramporter invoices

Scrap Sales and Recycling Records

RANANCIAL RECORDS

Departmental Cost Accounting Reports
Treatment and Dwsposal Cost Records

i
SARA 313 Form R
Chemical Purchasing Cost Records
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Your TUR diagram should
include storage and handling
phases which traditional
diagrams omit.

In additiom, it 1s crtical o diagram periodic operations — such as equipment cleaning,
maintenance and repair — which might use or produce toxic substances. You may have to
create separate process flow diagrams to characterize these operations.

How To Create A TUR Process Flow Diagram

The thinking behind your process flow diagram will depend to a large degree upon the kind
of productos unit you are analyzing.

For instance. conventional assembly-line processes are relatively easy to represent with
process flow diagrams, as these processes are essentially linear, with raw materials coming
1n one end and products coming out of the other. The final diagram can be laid out in the same
configuration as the factory floor. and a quick visual check of the actual production line can
often ascertun whether any step has been omitted.

Other processes mav prove more difficultto diagram. Forinstance, you may have targeted
a*batch process™, in which the vanous processing steps occur in a single place on the factory
floor. In this sort of case. where processing steps are separated temporally rather than
spatially, you must do some careful analytical thinking to ensure that your diagram captures
each step necessary for converung mcoming raw materials, energy, and labor into products
and residual byproducts

Whatever rype of process vou are analyzing, your final diagram should look roughly like
a bluepnnt of a tradihonal Linear assembly process. In most cases, your diagram should take
the form of a line of boxes. each labeled to indicate the production step it represents, and each
connected to other boxes 1n a sequence which parallels the production sequence.

The raw matenals whuch enter the process should be arrayed on one side of this line of
boxes. with Lines indicating the pownt at which they enter. All products and byproducts should
be arraved o the other sade of the line of boxes, with lines indicating the point at which they
leave the production unst

The sample process flow diagram in Figure 3C represents a nickel-plated paper clip
manufacturing process Work flows down the page, from the first process (Wire Drawing)
to the last (shipping) Pre-production storage and handling steps are diagrammed in the
second column. while box 11 represents post-production storage of finished products.

TURA NOTE. Under TURA, production units are defined in a very flexible
manner Anv process or combunation of processes which produces a desired result
or product ( whbether fimshed or not) could count as a separate production unit. Thus,
the process diagrammed m Figure 3C could be counted as more than one production
unit. For instance. since unplated paper clips might be sold to a plating shop for
complenoan. steps #1 -3 could constitute an independent production unit.

TURA also requires each toxic substance used in a given facility to be tied to all
producton units tn whach 1t 1s used (except for toxic chemicalis used to treat toxic
byproducts) For nstance, if the degreasing unit represented by box #4 in Figure
3C were used 1o other production processes, then trichlorcethylene use would have
to be armbuted w0 more than one production umnit.

TURA plans must contain a process flow diagram for each production unit in the
facility See Appendix ] for more information.
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A chemical pathway analyses
will permit you ® tack a
toxic substance from the
moment it enters your plant
to the point at which it leaves
«~ while heiping you to locate
all of the pons at which it
may become a byproduct
along the way.

L A L AR R et B

The Chemical Pathway Analysis

If you have chosen to target your TUR efforts on a production process, you should now have
in hand a process flow diagram representing that process. If you have targeted a substance,
you should have diagrams representing the principal processes in which it is used.

Either way. 1t 1s nme to use these diagrams to create chemical pathway analyses. The
purpose of a chemucal pathway analysis is to track the flow of a toxic substance through a
process. This will give you a graphic idea of the fate of each toxic chemical under
consideranon.

If you have targeted a process, you should create a separate pathway analysis for each major
toxic chemical used or produced by the process. If you have targeted a substance, you should
create a separate analvsis of the chemical’s pathway through each of the processes in which
it is used.

Your chemical pathway analyses will permit you to track a given substance from the
moment 1t enters your plant, through a given production process, to the time when it leaves
the process as a product or residual byproduct, and even to the point itleaves your plant. This
can help you to locate all of the points at which portions of the chemical may become a
byproduct. reducing efficiency and perhaps causing a threat to worker health and the
environment.

How To Create A Chemical Pathway Analysis

To create a chemical pathway analysis, begin with a photocopy of the relevant process flow
diagram Now take 3 pen and trace the chemical from the point at which it enters the process
to the pount or points at whuch 1t ieaves. In many cases — particularly if you are dealing with
a volanle chemical — you wall find that the line branches in several places as trace amounts
of the chemical are reieased 1o the environment, or as portions of the substance enter into
chemical reactions and give nse to new products and/or byproducts.

Your TUR process flow diagram should include pre-process storage and handling and
post-process handling and treatment. If it does not, then you should expand your chemical
pathway analvsis to nctude these stages. In so doing, be sure to use branching lines to indicate
all possible losses. including losses due to spills and evaporation.

A Sample Chemical Pathway Analysis

The following chemical pathway analysis tracks the pathway of Nickel Plating bath through
the metal planing portion of the paper clip manufacturing process diagrammed in Figure 3C:
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Once you have caiculated the
amourt of the wxc sub-
sance which you are using
and the amoum whech 13
conained in your product
you can determine your toal
byproduct wnth smple
arithmetic.

However, you should keep an open mind about TUR alternatives until your team has carried
out the formal options generanon procedure described in Chapter 4.

Aside from 1ts umportance 1n identifying TUR options, this materials accounting process
will serve as the basis for measuring the success of your TUR process changes. If you do not
determine the volume of woxic byproducts which you start with, there will be no way of
determiming how effecnvely those byproducts have been reduced.

This secuon begins witha discussion of some rudimentary matenals accounting techniques
aimed at gainmg a qualitatnve picture of your byproduct generation patterns. These
rudimenzary techniques requure Little ime and use readily available data, yetmay be sufficient
to permst vou to wdenafy TUR opportunies. The section ends with a discussion of a more
complex matenals accountng tool — the mass balance - which requires more time and greater
experuse A mass balance can provide precise, quantitative measurements of byproducts
volumes w hich somenmes prove instrumental in identifying TUR opportunities and which
are needed 10 order to make accurate measurements of TUR progress.

Rudimentary Materials Accounting

You sbould do a separate matenals accounting for each substance/process combinanon you
are looking a2 [peach case. the first task is to estimate the total amount of the toxic substance
which ends up as a bvproduct or emussion of the process under consideration.

You can calculate the magnitude of the substance which ends up as a byproducr by
determining the amount that vou use and subtracung from it the total amount that ends up In
your grogu . or is changed wnto a noo-toxic substance by a chemical reacrion:

Bvproduct = Use - (Product + Cooverted in Reaction)

Thus formuia wall g1ve vou the volume of byproducts as defined under TURA. Under this
defimtion. there 1s 0o dDeed to measure emissions in order to calculate byproducts. This is
because all emisnions —~ even those which are released directly from the production unit imto
the enviroament — are reyasded as byproducts first, before they become emussions.

The ‘product 1o questico bere need nor be a final product of the sort which you sell to your
customers For instance. vou mav be analyzing a production process that creates parts which
are used to fabncae a final product In that case, the “Product” factor wou]drcpmscmthax
portion of the touc matenal under wnvestigation which ends up i1n usable parts.

The informanoo vour team has collected at earlier data-gathenng stages should help you
10 denve a rough esnmate of the amount of the toxic substance which you are using and the
amount which 1s cosmuned 10 vour product. If you are considering a substance which reacts
with other chernscals dunnyg the process, creanng non-toxic byproducts, then you may need
a chemical professional w0 belp you esumate the amount which is being lost in reaction.

General mformanon about toxics use should be contained 1n the Chemical Inputs Database
described o Chapter 3 | Keep m mind. however, that this database contains informaton
about your uggregaze use of each chemical 1n your plant; it may not tell you how much of the
toxic 1s being used in the parucular process under consideration. To derive a loose estimate
of thus more specific magmtude, you should review raw material purchasing, delivery and
storage records. mternal matenals transfer records, and factory floor records such as job
sheets and mux ackets.
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One of the keys t© 2 success-
ful TUR progmam o the
deveiopment of accurate and
complete data on tOWCI use.
emissions. and byproducts.

The data which vour team has gathered may help you to make these sorts of quantitative
assessments. For wnstance, if you have run laboratory tests on your air emissions, water
discharges or solid wastes, then these test results can be used.

Regulatory records may also provide valuable information about the quantties and
concentranons of vanous emussions and wastes. Since emissions are nothing more than
byproducts which have left your plant, this data can be quite helpful. However, since your
emissions often come from several production umits at once, emissions data may not be
specific enough for vour TUR needs.

There may also be standard industry measures which can be used to make sound
quantitanve esumates of byproduct magnitudes. For instance, there are figures for
calculanng evaporanve losses from degreasers caused by variations in cooling coils, covers
and boist speeds. Stmularly, there are standard equations which can be used to calculate losses
of electroplanng solunons due to drag-out, evaporation and spills.

These soms of standard industry measures are sometimes available from industry trade
groups, chemical suppliers, and chemical engineering reference materials. [fyvou have rrouble
finding this sort of informanon. or have ather difficulties analvzing your processes, you can
get professnional Aelp bv concacang OTA ar (617) 727-3260.

Conducting a Mass Balance

One of the kevs to 8 successful TUR program is the developmesnt of accurate and complete
dara on toxscs use, emussions. and byproducts. Such data will permit your team to spot TUR
opporunmes and to measure and document TUR progress.

One useful technique for unproving your materials accountng data is the mass balance.
However, because mass balances are rather difficult and ime-consuming, you may wish to
conduct them oalv for the most cnincal production units.

The amn of a mass baiznce 15 1o determune the eventual fate of all of the chemicals which
eoter a given producnon uast dunng some determinate tme period. The total mass of these
matenal ixputs must be accounted for erther as byproducts, products. or matenals accumu-
lated 10 the producnos umit  The sppropniate equation 1s:

Matwrral laputs = Byproducts + Products + Accumulated Materials

Before thus cakculanoe cas be antempted, the production unit must be defined carefully.
For analvncal proposes. the producuon unit can be thought of as surrounded by an imaginary
envelope. The task. then. B %0 account for all materials which enter the envelope (i.e. raw
matenals) or leave the epvelope (Le. byproducts and products) during the ime period set for
the mass balance calculanon Remember: emussions are a subset of byproducts.

At the end of the penod. the amount of material accumulated withmn the production unit
should be measured The oumbers can then be plugged into the formula given above. Any
discrepancy 10 the resuling equanon represents either measurement €ITors or unaccounted-
for marenals [f inputs are far larger than outputs, further research may be needed to idenufy
previously uarecognized sources of byproducts.

Tbe ume penod set for the mass balance should be a representarive period. That is, the
operanons and processes standardly associated with the production unit should all be
performed dunng the penod for typical portions of the total time. If not, the entire exercise
wll not provide an accurate picture of the process in question.
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Input from workers can be
invaluable in determining how
equipment in your pfant really
operates. When in doubt, ask
why things are done the way
that they are.

byproducts may be created —- including shipping and receiving docks, storage areas, and in-
house treatment and recvcling sites. While at these sites, interview workers who handle and
transport toxic materials to insure that they are properly trained and that they follow sound
housekeeping practices.

Do not skip an area simply because you already know it well. You must look ateverything
as if you have never seen it before, carefully reconsidering each part or stage of each
production process.

If your team has already come up with some preliminary TUR suggestions, make a list of
them and distnibute a copy to each member of the team. This will permit you to discuss their
feasibility with workers and other team members as you examine the relevant processes first-
hand. Youshould also photocopy and distribute all of the process flow diagrams and chemical
pathway analyses which your group has prepared, so that they can be checked against actual
production practices dunng the walkthrough.

Finallv. be sure that the entire team wears whatever safety gear is appropriate for the areas
of the plant you will visit. .

Carrying Out The Walkthrough

The overall purpose of the walkthrough is to subject each detail of vour production operations
to fresh scrutiny. As you examine each production step, ask yourself why it is done the way
it is, and bow 1t might be changed to reduce toxics use.

Dunmng the walkthrough, team members should check your actual processes against your
group's process flow diagrams and chemical pathway analyses. Often, production units have
been modified so that they no longer operate as described in the original operating manual.
Make sure that vour diagrams correspond to reality, and modify them where incorrect.

Input from workers can be invaluable in determining how equipment in your plant really
operates. When 1n doubt, ask why things are done the way that they are. It is important to
understand the human dimensions of your production practices so that you can avoid changes
which workers will find impracticable.

It is parncularly important 10 keep your eye out for sources of byproducts which are not
represented on your diagrams. Pay attention to fumes and odors which might indicate that
toxic matenals are escaping. Look for possible sources of leaks, spills and evaporative losses.

Some toxic byproducts will not be readily apparent, even during a walkthrough. For
instance, unjess you schedule your walkthrough on cleaning day, you may not actually see
spent cleaning fluids being produced, even though such fluids can sometimes count as a toxic
byproduct. Be sure w ask workers about equipment cleaning and maintenance procedures.
If necessary, revasit the production unit when they are being carried out.

Walkthroughs often lead 1o a number of preliminary conclusions about where toxics are
being lost and whar might be done to reduce toxics use. As you ponder alternatives, keep in
mind the full range of TUR methods: product reformulation, input substitution, process
modernizanon, process redesign. operations and maintenance improvements, and in-process
reuse and recycling. (These are described in greater detail in Chapter 4.) Remember also that
worker interviews can be invaluable scurces of new ideas.

As ideas are generated, add them to your group’s list of TUR alternatives. Use the
walkthrough to begin to evaluate the feasibility of these possible changes. With the
production processes right in front of you, it is easier to visualize the possible side-effects of
each proposal on workers, equipment and other production processes.
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Chapter 4: ldentifying TUR
Options

4.0: Identifying TUR Options -- An Overview

Atthis pouwnt, you have developed a graphic understanding of toxics use patterns in your plant.
You have idenrified some of the costs of using toxics, located the points at which you lose
toxic matenals, and determined which of these losses are most significant — perhaps even
quantifving them. You may also have begun to develop a few ideas about process changes
which would reduce your rehance on toxics.

Now vour TUR planmng efforts enter the creative phase. The object of this phase is to
generate as complete 2 list as possible of alternatives for reducing your use of toxics and/or
your creation of toxic byproducts.

This chapter describes a brainstorming process designed to elicit input from as many team
members as possible, so that vour TUR options will reflect a variety of perspectives and areas
of experuse. The brainstorming process is structured to insure that your team considers all
possible types of TUR.

Of course, it 1snot giwavs necessary to go through a formal options-generation process such
as the brainstorming session described in this chapter. You may already be convinced that
you know what needs to be done. In that case, all that remains is to implement the change.

However. the most rypical mistake at this phase is to settie for an inadequately small list
of options. Keep in mmd that the more options you consider, the more likely you are 10 select
the one that is best for vour plant.

4.1: In-House Brainstorming

Itis noteasy to specify one options-generation procedure appropriate for all businesses. After
all, each buswness has a different corporate culture and different decision-making practices.
However, 111s swongly recommended that you begin your search for TUR options witha group
bramnstorming session.

Group braunstorming is designed to elicit input from all team members and encourage
creative thunking. Since TUR brainstorming is very similar to the brainstorming done by
qualiry circles. many businesses will find it quite familiar.
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tt 3 not TUR f you mereiy shift
your toxc efmissions from one
medium t another. but fail
reduce overall taxuc byproduct.

4.2: The Six Kinds of TUR

TUR can be achieved by 3 great variety of means, ranging from complete production unit
redesign to simple changes in work habits and toxics handling methods. Massachusetts state
law classifies these varnous methods mnto six generic kinds of TUR options.

As poted above, you can msure that your search for TUR options is comprehensive by
organizing vour brainstorming so that you consider each of these kinds of TUR options in
order. If you turn to outside consultants for further help in generating TUR options (Chapter
4.3), you should make sure that these consultants also consider the full range of TUR options.

Figure 4A outlines the six kinds of TUR as specified under Massachusetts law.

FIGURE 4A: THE SIX KINDS OF TUR UNDER
STATE LAW

l. Input Substitution: if the toxic in question is used in the production
process rather than in the product itself, it is sometimes possible to
replace it with a less toxic or non-toxic alternative.

2. Product Reformulation: TUR can sometimes be achieved by refor-
mulating a final product so that the product is less toxic or non-toxic

upon its use, release or disposal.

3. Process Redesign: Toxics use or byproduct generation can some-
times be reduced or eliminated by developing and using production
machinery of a different design than the machinery currently in use.

4. Process Modernization: TUR can sometimes be achieved by upgrad-
ing or replacing production machinery with other equipmentand
methods based upon the same production technology.

5. Improved Operations and Maintenance: TUR does not always call
for sophisticated technological innovation. Improvements in inventory
control. matenals handling, spill and leak prevention, personnel train-
ing, and/or maintenance practices can often lead to dramatic reduc-
tions in the use of toxics or the generation of toxic byproducts.

é. In-Process Recycling and Reuse: TUR can also be achieved by in-
process recycling and/or reuse of toxics. TUR recycling units must be
integral to the production process.
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TUR product reformulation
may permit your company to
boost sales by tpping into
the growing consumer
demand for “green” prod-
ucts.

FIGURE 4B: EXAMPLES OF TUR PRODUCT
REFORMULATION

|. The paint manufacturing industry has made considerable headway
in replacing toxic mineral spirits-based paints with alternative water-
based formulas. (Note: Not all water-based paints are non-toxic. Itis
important to make sure that the new formula, however benign it
sounds, is truly less toxic than the old.)

2. Paint manufacturers have also reformulated their products to elimi-
nate heavy metals such as the titanium traditionally used in white
paints and the cadmium traditionally used in yellow paints.

3. Some ink manufacturers have introduced water-based inks as an
alternative to traditional solvent-based inks.

4. There is a cutting-edge trend in the plastics industry to develop
biodegradabie vegetable-based piastics as an environmentally sound
alternative to traditional petroleum-based plastics.

5. Sometimes, product reformulations can eliminate a toxic indirectly.
For instance, some metalworking manufacturers have eliminated toxic
cleaning and painting processes by making metal parts out of stainless
steel. Such a change might be classified either as a product reformula-
tion or as a process redesign.

Input Substitutios The next kind of TUR for your team to consider is input substitution.
The operative question here s Could any toxic raw materials be replaced with benign or less
toxic substitutes’

Ioput subsntutions can be very attractive, as they can dramatically reduce your liability
exposure and alieviate vour environmental compliance headaches. They might also cut your

raw matenal purchase costs and disposal fees.
Figure 4C provides some real-worid examples of input substitution.
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A process redesign changes
your fundamentl production
technology. introducing new
production machinery of a
different design than your
current machinery.

FIGURE 4D: EXAMPLES OF TUR PROCESS
REDESIGN

. A good example of a process redesign - one applicable to such
industries as metalworking and electronics - is the replacement of a
solvent-based paint stripping unit with a unit which strips paint with
reusable abrasive blast media. '

2. A second example - this one from the textiles industry — is the
replacement of an old-fashioned dying machine with a computerized
dying operation which conserves heavy-metal dyes.

3. Some pulp mills have achieved TUR process redesign by installing
ozone bleaching processes, thus eliminating their use of chlorine in the

bleaching process.

4. Some metal platers have installed automatic barrel lines which
permits greater control of plating processes. Used with environmental
ends in mind, such a line can significantly reduce the drag-out of
heavy metals.

j 5. Sometimes, process redesign can go hand-in-hand with other TUR
Il techniques. For instance, the abrasive blast unit described above

] (example |) involves an input substitution, for it effectively replaces

il solvents with reusabie blast media.

H| 6. Process redesign mught aiso go hand-in-hand with materials reuse
(described below). For instance, some printers have extended the life
of their acid etchants up to tenfold by installing specialized equipment
to monitor and continually reconstitute their etchant baths. Similarly,
some chemicals and paint manufacturers have installed high-pressure

| wash systems or automatic squeegee systems to clean away and

Il reuse mixing tank residues.

4. Process Moderaization: Significant reductions in toxics use can often be achieved by
upgrading or replacing producton equipment to achieve greater production efficiency.
Where these changes do not mvolve a redesign of the production unit, they fall under the
heading of process modernizanion.

When pondenng process modernization techniques, your team should keep the following
queston w0 mind. Are there wavs to alter, adjust, modify or replace exisring production
equipment 1n order 10 cul toxics use and/or toxic byproducts?

Process modermization is actually arather broad term. encompassing at least two different
sorts of changes. First, it can include minor alterations or adjustments to existing production
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In most comparues which have yet
™ pay much attenoon to their
wWXICS yse paterns, dramatc
reductons — sometmes as high as
50 percent — can be achieved
simply by improwing operatons
and maintemance.

companies which have yet to pay much attention to their toxics use patterns, dramatic
reductions — sometimes as high as 50 percent — can be achieved simply by improving
operations and maintenance practices. This can mean bottom-line savings without major up-
front costs. ,

At this stage in your group brainstorming, the operative question 1s: How might we reduce
the needless waste of the toxic substances we store, mansport, handle and use?

Improved operatons and maintenance is a low-tech method for reducing toxics use. It
requires relarjvely lirtle technical research, and does not tend to have a great number of side
effects.

All of this does not imply that it is easy to improve operations and maintenance practices.
Work habits can acquire a great deal of inertia. As a result, successful changes require
concerted and sustained commimment from workers and managers alike.

Like process modernization, improved operations and maintenance is a broad category,
encompassing several sorts of TUR changes. Firsr, improved operations and maintenance
can mean tighter controls of chemical inventonies. Second, it can include improvements in
materials handling practices — both during the production process itself, and during the
loading, unloading and storage phases which precede and follow the process. Third, it can
mean changes 1n the equipment operations and maintenance practices.

The following figure g1ves examples of the various sorts of changes which can count as
improved operations and maintenance.
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CHAPTER 4: IDENTIFYING TUR OPTIONS...

Under Massachusetts law,
recycling only count as TUR
if it is done inprocess, by a
recycling unit which s
integral to the producuon unit
in which the toxic substnce
is used.

team to consider here is: Can any of our toxic byproducts be recycled and/or reused withour
leaving the producrion process?

It is important to note that not all recycling counts as Toxics Use Reduction. Under
Massachusetts law, recycling only counts as TUR if it is done in-process, by a recycling unit
which is integral to the production unit in which the toxic substance is used.

The reason for this requirement is that off-site or out-of-process recycling requires
additional handling and transportarion of toxics — either within a factory or between two
plants, via public ighways. This additional handling and transportation can pose a threat
to the safety and health of the public and/or workers. Thus, while recycling toxic substances
1susually better for the environment than simply discarding them, it is not the sort of optimum
solution wiuch TUR encourages.

Some exarnples of TUR recycling are offered in the following figure.

FIGURE 4G: EXAMPLES OF TUR RECYCLING
AND REUSE

1l 1.One newspaper printing operation found it profitable to recycle its
waste inks, adding black toner and ink to reconstitute them as usable
black inic (This is TUR under the law if the recycling is integral to the

process.)

2. A number of metalworking companies have begun to recycle their
cutting oil by insalling' closed-loop collection sumps into which spent

oil can be skimmed of soils, treated with biocides, and returned to the
process. 4

3. A common recycling technique, applicable to a number of indus- i
tries, is the installation of a hard-pipe solvent still which is capable of
restoring spent solvents by extracting oil sludge.

4. Many metal platers have found that by increasing the concentration
of metal plating solutions in rinse tanks — perhaps by restricting water
flow — they can reuse rinsetank contents as make-up plating solution.

I __
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Ask yourself: Do we really
need to clean as much as we
do! Are there alternative
production processes which
do not require extensive parts
cleaning! Are there things
we currendy ciean with
solvents which could be
cieaned some other way!

Attleboro-based electroplater with 11 employees, was ordering metal parts from Southeast
Asia The manufacturer covered these parts in grease to prevent tarnishing during shipping,
and Reliable removed the grease with solvents before using them. The firm eventually became
aware that when the cost of degreasing was added to the cost of the imported parts, they were
as expensive as comparable parts made by local manufacturers. Reliable switched to a local
supplier whose parts armived clean of grease, thus cutting its solvents use in half.

(b) Solvent Substitution

When cleaning operations cannot be eliminated altogether, the next best alternative —
particulariy from a worker safety standpoint -- is solvent subsdtution. This technique is
applicable to a wide range of industrial cleaning and stripping operations spanning such
industnes as printmg. plastics, metals finishing and manufacturing, electronics, vehicle
manufactunng and aerospace.

Solvent substitunon can help to rid your workplace of toxic vapor degreasers - the most
common of which are tnchioroethylene, perchloroethylene, methylene chloride and 1,1,1-
trichloroethane. Many common vapor degreasing operations can be carried out with readily
available water-based cleaners.

These new aqueous cleaners typically contain rust-inhibitors and highly effecuve organic
surfactants which clean immersed metal parts without retaining contaminants in the cleaning
solution. Oils float to the top of the cleaning tank and can be skimmed off; soils sink to the
bottom and can be removed by filtrarion. In some cases, the result is an almost indefinitely
reusable cleaner.

There 1s no foolproof formula for choosing an appropriate solvent substitute; the choice
will depend upon the matenal vou are cleaning, the nature of the contaminants, and the
technical demands of your production process. OTA can provide information about aqueous-
based cleaners, including case studies of successful applications and lists of suppliers. Call
OTA at (617) 727-3260 for more information.

(c) Solvent Minimization

As long as vour plant continues to use any solvents atall, you should pursue low-tech changes
in your work practices whuch can help to minimize your use of these solvents.

You mught begin by examiming your solvent tanks to make sure that they are designed to
minimize solventuse For instance, each tank should be firted with a cover which should be
kept in place when the tank 1s not in use. This alone can cut evaporation by as much as 50%.
You can also cut evaporation by using a deep, narrow tank with a smali solvent surface area
and a high freeboard (area above the vapor level). Another method is to add cooling coils
for increased vapor condensation.

By pulling parts from the tank more slowly, you can cut the amount of solvent “dragged
out” of the tank If vou have an automated cleaning tank, vou may be able to reduce drag-
out further bv adjustung 1t so that parts are held above the solvent bath and drained after they
are withdrawn. (If vour tapk 1s operated manually, this same technique could pose a threat
to worker health ) And if vou spray solvents, you can cut evaporative losses by using a coarse
stream rather than a very fine spray.

You nught also wish 1o ask yourself a number of questions about your cleaning practices.
For instance: Are there parts cleaned in vapor degreasing tank which could be cleaned with
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Improving coociants manage-
ment can help reduce liability
exposure and tool repiace-
ment costs, cut coolant
purchase and disposal costs.
and elimmate rancid coolant
odors.
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set up a central stanon for recycling coolants by filtering and coalescing tramp oils. The
equipment cost $20,000 to install, and has resulted in annual savings of $8,000 in coolant
purchase costs, $10.000 in coolant disposal costs, and $8,800 in machinery down-time.

Improved coolants management can help a wide range of metal working companies to
reduce their liability exposure and tool replacement costs, cut their coolant purchase and
disposal costs, and improve the workshop environment by eliminating rancid coolant odors.

On the other hand. poor coolant management can lead to a number of problems. For
instance, if coolants are not properly maintained, bacteria can breed in dead spots within the
machinery, where grit and sludge build up. Valuable production time and dollars can be lost
1n replacing coolants. Poorly maintained coolants can increase tool breakage and decrease
product quality. In addinon, frequent disposal of spent coolants can often lead to violations
of effluent discharge limits.

There are a gumber of proven techniques for improving coolants management, including:
(a) coolant substitunon, (b) coolant recycling; and (c¢) improved coolant maintenance. These
methods can often increase the life-span of coolants by two to threefold.

(a) Coolant Substitution

Due to recent ad vances in emulsion technology, straight petroleum oils can in many instances
be replaced with water-based coolants. These new coolants are made from emulsions
contamnmg high-pressure addiives and lubricity packages.

Iminal purchase costs of these emulsions may seem higher, but once diluted to proper
working coocentranons. these water-based coolants can be as much as 50% less expensive.
They can also usher o reductions mn waste o1l disposal costs and liability risks, while reducing
vour use of solvents for cleaning hands and degreasing parts and machinery. In a situation
where large quantities of coolant are being replaced, this can amount to a significant savings.

Switching to an emulsion coolant can eliminate oil mist and smoke, improving operating
conditions across the shop floor. Many facilities have been able to increase their speeds and
feeds after converung to water-based coolant. This is due primarily to the better heat-transfer
properties and lower viscosury of the water-based coolants. Increased production rates spell
further savings 10 machine and labor tume.

(b) Coolant Recycling

Coolant recvcling techmques can stretch the life of coolants dramatically while helping to
extend tool ife, immprove product quality, decrease purchase and disposal costs and improve
working cooditions for emplioyees.

There are manv technologies available for recycling coolants. One of the best techniques
is to reclaim coolants through a combinarion of particle filtration and centrifugal separation.
Filration can be used to eltmmnate the larger metal chips created by grinding, milling and other
processes, whiie cenmfugation can remove remaining metal fines as well as hard-to-extract
emulsified oils and some bactena.

The best place to wnstal) metal chip screens is at the coolant entrances to work station sumps.
Larger end-of-pipe screens can be placed at the central collection tank if coolant sumps cannot
be modified.

If your coolants are contaminated by floaring tramp oils, these can be removed by using
a belt or disc skimmer Belt skimmers have the advantage of depositing waste oils directly
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By using less rinsewater,
dragged-out menls can be
concentrated in 2 smaller
volume of water, making it
much easier to recover memls
or reuse menal plaung
solutions.

3.METALS USE REDUCTION IN PLATING LINES

Howard H. Sweet & Son. Inc.. an Attleboro jewelry manufacturer with 125 employees,
responded to growing regulatory pressures in 1985 by investing in a virtually closed-loop
metals recovery system which dramatically reduced its toxic byproducts. The system, which
recovered 263 trov ounces of gold and more than a ton of copper in the first year, paid for
itself in less than 12 months and henceforth saved the firm more than $100,000 per year.

Another Anleboro-based silver plating firm has employed a metals recovery system to
reclaim more than $100,000 per vear of silver dragged out of its plating solution.

These finns are two of a growing number of jewelers, metal platers and printed
circuitboard manufacturers which have used TUR techniques to reduce the concentration of
heavy metals 1n their wastewater while simultaneously saving on metals purchase, treatment
and disposal costs

Metals mimimizanoa techniques can be broken down into three general categories: (a)
water coaservanon, (b plating soluton recovery; and (c) metals reclamation.

(a) Water Conservation

Since water 15 pot e, water conservation does not itself count as toxics use reduction.
However, 1n manv cases water conservation is the first step toward effective metalsrecovery.
By using less nnsewater, dragged-out metals can be concentrated in a smaller volume of
water, making 1t much easier 1o recover metals or reuse meral plating sofutions.

There are a number of sumple wavs to conserve on rinsewater. One of the easiest ways is
to mstall so-called “drag-out™ tanks (still-water rinse tanks, as opposed to runping rinse
tanks) immediatelv after the planing bath tank and before the running water rinse-tanks. This
Insures that parts eater the nnmng nnsewater cleaner, with fewer contaminants.

Rinsewater can also be conserved by placing flow-restrictors on running rinses, and by
using “counter-current nasuagy” The idea behind counter-current rinsing is to connect
running water nasetanks so that rmsewater flows through each of them in sequence -- in the
opposite direction of production line work - before being discharged as wastewater. The
reiatively clean Nosewater from the final tank is thus reused in earlier rinsing stages.

Before anv artempr 1s made to recover metals from rinsewaters, all efforts should be made
to prevent plinng solutoe from “dragging out” into rinsewater to begin with. Some
common techmques for managing drag-out can be found below, in the section entitled “Life
Extension of Chemicals and Chemical Baths.”
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k is a genenc TUR principle
that chemical bath life should
be extended wherever
possible through such
techmiques as drag-in and
drag-out management.
improved bath maintenance
and bath regeneranon.

Ion exchange technology uses natural or synthetic resins which can recover high
percentages (90-95%) of chromium, gold, silver, tin and zinc from spent rinsewaters. lon
exchange units are quite durable, use little energy and work with relatively dilute rinsewaters.
If you wish to install an ton exchange unit, make sure that vou choose the resin appropriate
for your application. and thar you install a carbon fiiter before the ion exchange unit so that
it does not become fouled with organic contaminants.

' d'lsdmrgesbvmmthanoncmn'd _
Thcec«onomn:sofmTech process

4. LIFE EXTENSION OF CHEMICAL BATHS

IBM has extended the life of ammonium persulfate etching bath by devising a protocol for
the addinon of fresh etchants 1n order to maintain constant and precise pH levels. IBM has
also begun to negenerate spent acid etchants by bubbling ozone through them to reverse the
oxidation/reduction reachion which normally strips the etchant of oxygen. As a result, toxic
etchant baths which were oace discarded every 12 days have been in continuous reuse for
several vears. and have come to be known among IBM engineers as “immortal etchants.”
Tens of thousands of dollars have been saved in etchant purchase costs. And because parts
are no longer etched poorly m the period immediately before baths are discarded, IBM has
significantly reduced the number of parts which must be rejected, netting another $4.5 million
In savings.

The “immortal etchants™ case is one particularly dramatic example of a generic TUR
principle: where possible. extend the life of chemical baths. This can be done by a variety
of means, inctuding (a)drag-un and drag-out management; (b) improved bath maintenance;
and (c) bath regeneration

(a) Drag-in and Drag-Out Management
“Drag-out” refers to chemical solutions dragged out of a bath together with the parts or

materials treated w the bath. *“Drag-in" refers to chemicals which enter a chemical bath with
the parts or matenals treated s it. Together, drag-out and drag-in can quickly deplete or
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Many companies underesti-
mate the amount of toxic
substances which escape into
the factory environment
during storage and handling,
due to such factors as leaks,
accidental spills and evapora-
ton from improperly stored
chemicals.

(c) Bath Regeneration

The life of many chemicals can be extended by adding reagents, stabilizers and other key
components when needed. Forinstance, fixing baths used in the commercial printing industry
can be swetched by adding ammonium thiosulfate, which makes the bath effective at higher
silver-saturation levels.

Chemical baths can also be sustained through a variety of filtration techniques. In-tank
filtration 1s particularly safe and effective, as it does not interrupt production processes, nor
does it give nse to the spill and leak potential associated with out-of-tank filtration. There
are a wide array of relatively inexpensive (5400-$1400), commercially available in-tank
filters — some of which perform such additional functions as bath treatment, agitation, surface
contaminant skimming and tank bottom vacuuming.

If you wmstall a filter, make certain to use the filter cartridge most appropriate for the
applicanon at hand. For instance, itis usually best to use the coarsest filter which can remove
the common contaminants m your bath, as these filters will 1astlonger and permit greater flow
rates. If youare filtenng out organic compounds, itmay be best to opt for acarbon filter which
will mimmzrze organics buid-up.

In many cases, filters should be run even when the bath is not in use, as impurities are often
dragged w more rapidly than fiiters can remove them.

In addmon to filtranoa. there are a variety of other means for removing impurities from
chemical baths. For wnstance, commercial printers can reclaim and sometimes reuse their
fixing baths by using an electrolvuc recovery unit to remove silver from it.

Similarly, spent etchants can be regenerated and reused by a number of processes —
including eiectrolync removal of waste metals. If you are discarding such etchants, you may
wish to look at the costs of make-up chemicals for the baths, pH balancing chemicals to stay
in comphance with discharge limuts, and the value of metals which might be extracted from
your spent etchants and sold back to a metals reclaimer. These figures often underline the
economic wisdom of investing wn an etchant reclamation system.

5.GOOD HOUSEKEEPING

Many companies underestumate the amount of toxic substances which escape into the factory
environment dunng storage and handling. Slow leaks, accidental spills, and evaporation
from improperly stored chemacals can add up to significant losses. These losses are not only
costly and wnefficient — thev may also pose a threat to worker health and safety.

Often, sumple and dramancally effecive TUR can be achieved by ntroducing sound
chemical housekeeping practices. Good housekeeping is a form of TUR which appilies to all
toxics users — regardless of their size or line of business. It can include: (a) improved chemical
inventory management; (b) tmproved storage and handling practices; and (c) spill and leak
prevention. These goals can sometimes be promoted by employee training programs and by
introduction of incentives for clean practices.

This 15 one of many areas in which worker cooperation can be critical to your TUR efforts
- and one more reason to mciude workers on your TUR team.
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FIGURE 4H: COMMON TUR TECHNIQUES

I. CLEANING ALTERNATIVES:
(a) Bliminaoon of Clearung Operatons: Clean fewer materials.
(b) Solvent Subsumtuon: Replace organic solvents with aqueous-based cleaners.

(¢) Soivent Minimmaton: Cover manks. Minimize solvent surface area. Use high
freeboard. Remove parts slowly and drain well. Consider two-stage cieaning process.

(d) Soivent Recovery: Use soivent distlladion or other method (decanmton, filtratgon,
evaporanon, centrfugal purificadon).  Consider vapor recovery.

2. COOLANT ALTERNATIVES:

(a) Cooiant Subsotsoon: Replace oil coolantss with water-based coolants.

(b) Coolant Recyching: Corsider centrifugation, filtration, oil skimming and chip spinning.

(¢) Coolant Mamntenance: Conduct thorough machine cleaning and regular pumping of
sumps. Maintain coolant-water ranos. Consider ion exchange.

3. METALS USE REDUCTION IN PLATING LINES:
(3) Water Comservanon: Use drag-out mnk and counter-current rinsing.

(b) Plaung Soiunoon Recovery: Use direct drag-out return. Consider cold vaporization.
Aim for dosed-lcop plaung.

(c) Menis Rechmavon: Consider electrolytic recovery and/or ion exchange.
4. LIFE EXTENSION OF CHEMICAL BATHS:

(a) Drag-in and Drag-Out Management Achieve lower surfiace tension. Reduce viscos-
ity. install drag-out ank. dnp boards, baffles, etc. Remove parss slowly and drain weil.

(b) Improved Bath Mmntenance: Monitor solution purity, pH, temperature and other
parameters. Consider mechamcal agiraton.

(c) Bath Repenenitnon: Use reagens, smbilizers and other additves. Consider filtration,
elecTolysis and/or ocher bath regeneration techniques.

5. GOOD HOUSEKEEPING:

(a) Chemxal inventory Management Buy chemicals as needed. Use in order received.

(b) Improved Storage and Handling: Minimize traffic and mainain proper storage
condinons. Tran workers in materals transfer.

(c) Spsll and Leak Prevention: Replace leaking equipment throughout plant. Train
workers and offer incenuves for spill minimzation.
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Chapter 5: Evaluating and
Selecting TUR Alternatives

5.0: Evaluating and Selecting TUR Alterna-
tives -- An Overview

Your team has now generated a comprehensive list of TUR alternatives for the substances and/
or processes under consideranion The next step is to evaluate these options and select one
or more for umplementanon. _

Thus chapter presents an evaluation method which begins with a sertes of “screens” which
any optica must sunvive o order to be considered truly feasible. The point of these screens
is to lumit the number of full-fledged analyses which your team will have to do, as such
analyses are ume-consuming However, it is important not to eliminate options too hastily.
In many cases, successful TUR requires a creative exploration of options which seem
impractical at first glance

Atany rate. once the field of alternatives has been narrowed, you can submit the remaining
TUR proposals to a more detaiied scrutiny, 2xamining theirtechnical merits and compatibility
with managenal goals and worker practices. Most TUR teams will also wish to submit
competing proposals to a detailed financial analysis in order to determine whether up-front
expenditures are economucally justified. An adequate financial assessment may require,
among other thungs. a demuled evaluation of costs which many firms lump together under the
generic heading “overhead™ Pan 3 of this chapter describes such an assessment technique.

As these evaluations are camed out, it will start to become clear whether the provisional
TUR goals which vour team has set (Chapter 2.3) are either overly ambitous or overly
modest. You may wish to firm up your goals as you see what kind of improvements are
feasible at vour plant

The evaluanion process recommended in this manual is outlined in Figure 5A. Each ofthe
steps 1s discussed wn greater detail in subsequent parts of this chapter. Of course, the particular
series of screens and evaluanons outlined in this chapter might not be appropriate for every
company. Your team may wish to modify the process by adding or subtracting criteria to
reflect vour firtn's environmental goals and business objectives. You may also wish to assess
your processes using the same criteria that will be used by upper management to decide
whether the project should be funded.
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CHAPTER 5: EVALUATING AND SeLecTING TUR ALTERNATIVES...

You might find that some
opuons are 3o straightfor-
ward, inexpensive. effective
and easy to implement that
no further assessment s
needed in order to approve
them.

5.1: Screening TUR Options

Before your team meets to begm assessing TUR alternatives, it may be wise to give each team
member a list of all options under consideration, together with a copy of Figure 5A. This
should provoke thought about the feasibility of various TUR alternatives, helping to make
your first optnons assessment meeting as fruitful as possible.

Your team probably will not be able to complete the evaluation of all options and select
a course of achon o ope siting. A thorough technical and financial evaluation of the most
promising options will usually require considerable research. The goal of your first options
evaluation meeting should be to screen out unacceptable options and narrow your list of
alternatives to those which are most deserving of further attention.

As you narrow the list of candidate TUR changes, you should be able to determine what
data you will need o complete your assessment and choose a course of action. Appropriate
team members can be assigned to secure this information and report back to the group.

It is also a sound 1dea to keep a permanent record of the options which you consider, and
of your reasons for rejecuing those which you do not implement. This may help you to avoid
reinvennng the wheel m tuture vears. as your TUR program grows.

Options Pre-Screening

The first task 1s to go through vour list of alternatives one last ttme to make sure that each
falls under the rubric of Toxics Use Reduction.

The key quesuon here 1s whether the change promises to reduce the use of toxics and/or
the generanon of byproducts at the source. Screen out any options which merely shift toxic
byproducts from one waste stream to another, or which treat or recycle byproducts after they
have already lef} the productios unit. These may be worth implementing — but they are not

TUR.
You migbt also find that some options are so straightforward, inexpensive, effective and

easy to impiement that oo further assessment is needed in order to approve them.

Technical $creening

The task bere 1s o elminate options which are not feasible from a technical point of view.
If you have process engineers on vour TUR staff, they should be able to help you identify these
options.

Some options can be ruied out unmediately because they simply cannot be achieved — even
given unlimited resources Otber options can be ruled out because they cail for equipment
which 1s not commercuallv avaulable and cannot be developed wn-house.

Financial Screening
The pomnt of this screening 15 to eliminate options which call for capital outlays far beyond
the means of your firm. This step should not require detailed financial analyses — that will
be dope at a later stage Provided that you have a rough idea of the costs and benefits of each

proposal, you should aiready be m a position to identify and rule out those which are much
too costly to ment further atteption.
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Makce sure that each option is
compatible with your
production rates and work
pracuces. Also, investigate
any possible effecs on defect
rates. product appearance
and product quality.

Technical Assessment

If an option requires commercially available machinery, you may want to assign a team
member to look into the rack record of the equipment and its vendor. Where possible, it
usually pays to visit a site where the equipment is in use or to obtain the equipment for a trial
run. If this is impossible, you may wish to contact users by phone to query them about their
experience. It may also be wise to determine whether the vendor handles upkeep, provides
technical assistance. ensures the availability of spare parts, and/or offers an adequate
guarantee.

This is also the ume to rule out options which might have adverse side-effects on other
production machinery or processes. Make sure that each option is compatible with your
production rates and work practices. Also, investigate any possible effects on defect rates,
product appearance and product quality.

There are also a number of potential logistical problems which must be foreseen and
addressed. For mnstance, be sure that you have or can install the appropriate utilities (electric,
process water, cooling water, coolant fluid, steam, fuel) for any new equipment, and that you
have enough space to house the equipment and store any required supplies. Similarly, if the
change requires in-house laboratory testing or analysis, make sure that you have the facilities
to handle the task.

When companng vanous optioas, you may also wish to take into account the amount of
production down-tume each would cause.

Managerial Assessment

It is cnincal to assess the fit of each option with your firm’s managerial goals. This sort
of consideranon can often be decisive in choosing and gaining approval for TUR changes..

If your firm has 1ssued 2 TUR Policy Statement or if your team has set TUR goals, you
should consider whether the proposed changes are consistent with the statement and/or goals.
You may also wish to assess proposed TUR changes for their compatibility with quality,
efficiency and safety goals. marketing plans, community relations concerns, and other related
management ams and pnontes

Itisalso imponant to we1gh the compatibility of each proposed change with the work habits
and talents of emplovees Some TUR production changes will require technical consultants
or new personne! m order to be inplemented successfully. Such personnel requirements
should be taken 1810 account when comparing TUR alternatives. Other changes in work
practices are ditficult o sustain  If vou are considering a change which requires significant
changes in producticn worker practices, you may want to consider an employee training and/
or incentive program to encourage worker cooperation in making the change permanent.

Often, TUR changes require sustained cooperation among different deparmments. If you
are considenng such a change, you should ask yourself whether the cooperation is possible,
and whether itmight be enhanced by opening new lines of communication among departments
or by creanng a new mter-departmental task force to monitor progress.

Finally, it 1s worth considering the effects that the change will have on environmental
paperwork and compliance. Usually, this effect will be purely beneficial. However, in some
cases a TUR change may require new environmental permits or give rise to new compliance
difficulties. Thus possibility should be explored before a decision is made.
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into two traditional accounting categories: direct costs and indirect costs. As the name
mmplies, direct costs are those which can be assigned directly to a particular product or
production unit. Thus category has traditionally included such costs as equipment purchase
and installation, production down-time, labor and raw material purchases.

Indirect (or “overhead™) costs are those which cannot be assigned directly to particular
products or production units. This category has traditionally included such costs as
maintenance, waste treatment and disposal, environmental reporting and permitting, ship-
ping and receiving, traming, engmeering, business planning, quality assurance, workers’
compensanon insurance, energy, water, and fuel.

You should also consider the effect of proposed changes on two other categories of costs:
worker sick days, community intangible costs and liability costs. )
relations, corporate image Intangible costs are those which bave a real bottom-line impact yet do not lend themselves
and employee morale — have  toprecise measurement. For instance, since employeesrespond favorably to clean, safe work
3 real borom-iine impact yet  epvironments, your TUR changes should help to improve employee morale. Better employee
do not jend themaelves to morale 1s an wtangible benefit, as it usually helps to boost productivity and profits -- though
precise Mmeasurement. it is virtually impossible to quantify this bottom-line effect. Other examples of intangible
TUR benefits nclude reduced worker sick days, improved community relations and
improved corporate mmage

Liability, on the other hand. is not an actual cost but a potential one. It is the cost faced
by those companies which are found liable for damaging the environment, or for harming
public or worker health. due to accidental releases of toxic substances. Under federal
Superfund iegislanon, companies can also be held liable for clean-up costs of disposal sites
they have used.

Because 11 represents a financial gsk and not a concrete cost, liability is difficult to
quantfv. However, since 1t is a cost capable of bankrupting an otherwise healthy business,
it cannot be ignored by an adequate financial analysis.

In order to draw up a comprehensive list of the costs associated with your current
production processes, vou may wish to begin with the process flow diagram which you
prepared dunng the Process Characterization and Analysis phase of your work (see Chapter
3.3). Thus will help w organize vour thought by permitting you to consider in turn the costs
associated with each distinct stage of the production process.

The process flow diagram already contains a full list of the raw materials which are fed
into your production process The purchase costs of these raw materials constitute your direct
materials costs, while the wages and benefits of the production line workers who run the
process are tertned direct labor costs. Atmany firms, accountants will already have calculated
these costs for each product or production process.

Unfortunately, the other costs vou are interested in — that is, indirect costs — are not usually
measured separately under gaditional accounting practices. For instance, the labor costs
associated with environmental recordkeeping, fines, permits, compliance monitoring and
reporting are usually counted as overhead, yet these costs are often reduced significantly by
successful TUR. The same mught be said for the costs of weatment, disposal, workers’
compensation nsurance, worker safety training and protective equipment and water use.

A comprehensive list of the costs associated with a given production process should include
all of the matenais, labor and utilities which conaibute in some way to keeping the process
running. The sample list provided in Figure 5B should help to get you started.

Inangible cost ~ such as
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K you are considering 2 TUR
change which will alter dhe
production rates of your
equipment, then this change
should be considered when
caiculaong costs and
benefits.

1t should be noted that in smaller firms, the indirect labor costs might be harder to list, as
the same person might carry out several different tasks which are related to keeping the
production umit in operation. For instance, the supervisor might handle quality assurance and
environmental compliance. However these various labor costs should still be listed
separately, as a reduction in any of these tasks will free up time for other productive activites,
and thus should be counted as a savings.

This list also omits several potentially important cost considerations, including produc-
tivity and byproduct sales. If you are considering a TUR change which will alter the
production rates of your equipment, then this change should be considered when calculating
costs and benefits. Likewise, if the change under consideration would create or eliminate a
saleable byproduct, then this revenue shift should be figured into your financial calculations.

TURA NOTE: Under TURA, an acceptable Toxics Use Reduction Plan must
analyze the economic impact of toxics use in each production unit. All direct and
indirect material and labor costs must be considered, including (at least) the
following cost categones:

(1) Purchase or maaufacturing costs;

(2) Storage, accumulanon, treatment, disposal and handling (of toxics materials

and byproducts);

(3) Costs associated with compliance with federal, state or local laws and reg-

ulations (including fees, taxes, reatment, disposal, reporting, labelling, etc.);

(4) Worker health and safety (including protective gear, lost employee time, etc.);

(5) Insurance costs;

(6) Potennal hiability costs (need not be quantified);

(7) Lost commumty goodwill and sales revenue lost to non-toxic compettors

{need not be quantified).

Using thus data, compames are 10 quantify the total annual cost of each toxic used
in each production unit, and the total cost per unit of product. See Appendix | for
further details.

(b) ldentifying Operating Costs Which May Change

Once you have generated 3 comprehensive list of the operating costs currently associated
with the process targeted for change, the next task is to identify those costs which might or
would be changed by the TUR proposal under consideration. In the language of financial
accounting, the task 1s 10 single out all of the differential costs.

This step 1s not easy to reduce to a foolproof formula. However, you should be able to
identfy differennal costs by combing through the comprehensive list of costs which you have
just generated and applying your knowledge of your production processes and the TUR
alternative. lIn the process, you should be able to identify a set of operating costs which will
definitely change and others which are relanvely likely to change. '
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FIGURE 5C: SAMPLE DIFFERENTIAL COST LIST

(Probable differential costs between the paper-clip manufacturing process in
Figure 3C and the same process after the introduction of aqueous-based cleaning)

DIFFERENTIAL DIRECT MATERIAL COSTS:

a. Cleaner solution purchases (decrease)
b. Hydrochloric acid purchases (possible increase)

DIFFERENTIAL DIRECT LABOR COSTS:
a  Production line empioyee wages and benefits (possible change)

DIFFERENTIAL INDIRECT MATERIAL COSTS:

Dhisposal (decrease)

Treamment (possible increase)

Environmental taxes (TURA may fee decrease)

Maintenance (possible increase)

Insurance (possible workers’ compensation decrease)

Office supplies (probable marginal decrease)

Process water (negligible increase due to make up cleaning solution)

DIFFERENTIAL INDIRECT LABOR COSTS:

a  Environmental (Possible decrease in time spent on Forms S and R)
b Quality assyrance inspectors (probable temporary increase)
c. Trammg personnel (possible decrease in time spent on safety training)

DIFFERENTIAL INTANGIBLE COSTS:

a  Worker sick days (possible decrease)
b. Commumty relanons (possible improvement)
c. Corporate umage (possible improvement)

DIFFERENTIAL LIABILITY COSTS:
a2 Luability for worker health suits (decreased exposure)

b. Superfund hability (decreased exposure)
c. Toxic Tort Liability (decreased exposure)
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You should oy to brng as
many differental costs as
possible within the scope of
your quantiauve analysis.
Provided that your numbers
are dependable. thus wiil add
© the credibiity and useful-
ness of your overall fimancial
analysis.

benefits rate for the sort of work which would be added or eliminated. (hourly benefits rate
=annual cost of benefits per worker/hours worked per year) The annual differential can then
be figured by adding hourly wage and benefits, and multiplying the sum by the number of
extra hours of work which would be caused by the TUR change. (Direct labor differential =
(hourly wages + hourly benefits) x extra work hours)) Ifthe TUR change would reduce labor
bours, then the extra labor hours should be a negative number, and the resulting differential
negative (i.e. a potential savings).

Where possible, you shouid try to bring other differential costs within the scope of your
quantitanve analysis. Provided that your numbers are dependable, this will add to the
credibility and usefulness of your overall financial analysis.

There are a number of mdirect material costs which can sometimes be quantified. For
instance, by secuning technical data on new equipment which would be installed undera TUR
proposal. you might be able to calculate the annual cost differential for electricity, water, or
other utilines. Sumilarly, if vou know something about the reliability record of the equipment
you are consilenng. then vou might be able to gauge maintenance cost differentials.

There may also be wndirect labor costs which can be brought within the scope of your
quantitanive analvsis. For instance, if you can determine the amount of time spent by
emplovees a filling out regulatory reports or applying for permits which your TUR proposal
would render unnecessary. then vou can include these indirect labor savings in your
quantitanve analysis The same goes for time spent by laboratory persongel in testing and
analysis or time spent by managers in fulfilling OSHA requirements for safety training,
hazard communication and emergency planning. In each case, the appropriate mathematical
formula 1s the same one used for durect labor costs.

To give an example, suppose that vour TUR project would eliminate a particular hazardous
waste which vou now send to the landfill. Your conversations with environmental personnel
reveal that (among other things) this would eliminate two hazardous waste shipments per
month, and thar each shipment requires two manifest reports which take an environmental
engineer |.5 bours each to complete — hours which could otherwise be productively used.
Suppose further that the wages and benefits of the environmental engineer total $30/hour. The
indirect labor cost differeanal for manifest reports would then equal $2,160 per year (330 per
hour x 1.5 bours per manifest x 48 manifests per year)

You may also have quantifiable cost differentials arising from changes in byproduct sales
revenues, depreciation allowances or production rates. If the TUR project in question would
create or ehrmnate saleable byproducts. then the change in byproduct revenues must be
counted as adifferental cost [fthe project calls fornew equipment with a higher depreciation
rate than old equipment, then vyou mav wish to count the consequent tax savings as a
differential cost  Finallv, 1f vour TUR proposal would alter production rates, then you will
have to perform some rather delicate calculations to determine its net effect on your business
-- as it mught affect both vour operating costs and your ongoing product sales revenues.

It is not easy to quanufy those costs which traditionally fall within the caregones of
intangible costs or lmability In most cases, these costs will be weighed in the qualitative
portion of the financial assessment. There have, however, been some efforts to put numbers
to these costs. For mnstance, a 1988 studyv conducted for General Electric by ICF Technology,
Inc. esumated the average Liability cost of landfilled hazardous waste at $354 per ton. For
landfills that have a hustory of leaks or are located near urban areas, wells, or groundwater,
liability exposure was estmated to be higher by as much as 50%.

The esumanon of potennal liability has not become a widespread practice in part because
the numbers tend to be unreliable. and in part because companies have feared that they would
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Many businesses have
recognized qualiatve cost
considerations by slackening
theirr standard capial
investment criteria for Toxics
Use Reducuon projects.

The Qualitative Analysis: As noted above, you should strive to quantify as many costs as
possible without dilunng the reliability of your financial analysis. However, most TUR
proposals will have some differential costs which cannot be quantified accurately.

These unquantufiable costs should be included in the qualitative portion of your financial
analysis. This qualitanve apalysis may prove instrumental in choosing among otherwise
equally amractnve opuoas or 1n justifying projects which stand at the edge of your firm’s
capital budgeting cnitena

The umportance of these costs should not be underestimated simply because a number
cannot be put to them. For instance, it is usually not possible to quantify the fines, lawsuits
and crimimnal penalties which may accompany violations of environmental regulations, yet
they can put a consderable dent n profits, and continued violations can lead to a forced plant
shutdown. Simuarty, 1t is difficult to provide a reliable figure for the future costs of
Superfund clean-ups. toxic torts or worker compensation settlements — yet these costs can
cripple even the healthiest business.

Many businesses have recognized qualitative cost considerations by slackening their
standard capital investment criteria for pollution prevention projects. For instance, if
standard unprovements 1n work efficiency must have a three-year payback period, projects
which reduce toxics use might oaly be required to pay for themselves in four or five years.
This sort of lensence does oot necessarily reflect a heightened environmental conscience — it
may also be 1o tune wath the wsterests of corporate profits.

If your TUR analvses are to be submitted to ugher management for review and approval,
then your qualitative anaiysis 1s particularly iumportant, as it provides a vehicle for pointing
out the manv unquannfiable bottom-line considerations which bode 1n favor of TUR. This
porton of the financial analvwis should mention a number of kinds of costs:

* Costs which might possibly be changed by the project;
* Costs which will be changed, but by an unquantifiable amount;
* Liability exposure.

The qualitarive analvsis usually takes the form of a brief written document which explains
why the project 1s likely to lead 1o various possible costs and savings, and (where possible)
estimates the likely magrutude of these costs/savings. It might also contain a discussion of
the liabiliry nsk reducnoe which can be ushered in by successful TUR

(d) Determining the Total Capital Cost of Your TUR Project

The next step 1 your financial analysis is to weigh all of the up-front costs associated with
implementanon of vowr TUR project. This is particularly important for projects which
requure substantia] capital investments in new equipment, research and development, or plant
expansion.

The capital costs of vour TUR project are those one-time costs necessary to plan and
implement the production process change. Figure SD lists the capital costs which might be
assoctated with a tvpical TUR project.
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The basic drawback of a
payback permod calculation is
that it ignores what s known
a3 the time value of money.
As a result payback pertods
are useful for companng
alternate projects against
eaach other, but they are not
the most accumate means of
determining whether funds
should be spent on TUR mn
the first piace.

even more attractuve. Thus explains in part why many companies have lowered the financial

burdle which TUR projects must clear in order to be approved.

- means of determiming whether funds sﬁouidbe spéﬁton TURmﬁ}eﬁzstplaze
What, thea, is meant by the ‘umevalueofmoney"’ Tris atern for the comm ‘

involve an up-fropt capnal outfiow (cqma[cost} and & gradual series. of capital
inflows (Operating SEVIngs) Over many years: Smcethwesamgsoccurazdszmem
times m the future. a troly accurate financial analysis of the investment shoul
dmcoummbemsotbzthevcanaﬂbecompa{edmﬁzenp—ﬁantcapnaicost.
' Ih&&nnmﬂmmmbedmwmedmammehreﬁmmccompmy’s
cost of capital. Thus figore varies from firm to firm —even within the same industry
 Net Present Valoe (NPV) and Internal Rate of Return {IJRR). aretwopmﬁtszh :
measures which take inso account the time value of money:. -~ - :
- Net Present Valwe: Once the funure cash inflows associated with aTURpro;&ct
" bave beea discouated. they can be added together to give the present valne of the
. project’s cash wflows. The project’s total capital “cost (the required up-front
investment) can then be sobtracted from this figure toderive the project’snet present
“vaige (NPV), Gmﬂvthcpm;eamwnmwedacccp&zbiufthcb&?&fwgzmw
~-than zero. :
- Internal Rate of Return: 'IhcmmnalratecfremmﬂRR)xs ﬁxeratemwhlch
- furure inflows must be discounted in order to ‘have:a present value equal to’ ‘the:
project s up-front capital costs. If capital costs and funure inflows are known, this
ﬁgntcwbcdmvedmberwmlybyamdw calcnlator: Mostcompames;
consider an after-tax IRR of 12% to 1 5% to bcacceptab}e for Jow-risk nvestments:

Your team may wish to find out whax ymn'company consﬁers an acceptabie IRR. “-‘-;
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Your chances of gerung funds
for TUR projects will be
gready enhanced if you
understand the political
idiosyncrasies of the capital
budgetng process at your
firm.

assessments of the project(s). In particular, you should recapitulate your findings about the
project’s effects on marketing plans and quality goals, its compatibility with employee skills
and habits, and its role in the company’s efforts to comply with current and future
environmental regulations.

It may help to supplement the final report with information about health, safety, and
environmental effects of all recommended changes. Youmightalso wish to include a timeline
for project implementation, with estimates of production down-time and projected construc-
tion schedules.

Of course, success 1n the capital-budgeting process usually involves much more than just
a convincing final report. Your chances of getting funds for TUR projects will be greatly
enhanced if you understand the political idiosyncrasies of the capital budgeting process at your
firm. For instance, it may help to enlist the support of key managers by educating them about
the potential benefits of toxics usereduction. It may also be useful to solicit the active support
of all departument heads who would be affected by the change.

Even when a project promises to pay for itselfrapidly, it may not be funded during a given
round of capital budgeting allocations. This can happen for many reasons. For instance, your
firm may have other priorities at the moment, or there may be a temporary shortage of funds.
Ifatechnically attractive and financially sound option is rejected, your team should be certain
to resubmut it during the next capital budgeting period.
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Chapter 6: Implementing
Projects & Tracking Progress

6.0: Implementing Projects and Tracking Progress -
An Overview

Your team has now evaluated, selected and — where necessary - secured approval for the
implementanon of one or more TUR projects. The next steps are to inplement the change(s)
in a way which ensures their sustainability, and then to measure and document your progress
in achueving TUR reductions.

The implementanon of a TUR project may involve worker retraining, process redesign,
procurement of new equipment, installation work, and/or product research and development.
These changes must be planned carefully, in order to coordinate the efforts of all affected
departments and personnel.

The umplementation process does not end when the new equipment and/or new work
practices zre in place. Successful implementation means making the change workable and
permanen: Your TUR team can improve the odds of success by staying in touch with all
affected workers and bandling any difficulties which may arise.

One of the most cnical elements of your team’s follow-up work is to measure your TUR
progress. Such measurements will help your team to document and reproduce successes,
learn from failures, and gain the data needed to secure approval for future TUR projects.

Once your ream has carned out its first TUR project, it is important not to lose steam. TUR
is best pursued through continued incremental changes, each reflecting the proven technolo-
gies and capital resources available at a given time.

With each project, your TUR team should become more knowledgeable and more
effective. Bv sustaining vour commitment, your TUR team can help to build a company-wide
awareness of TUR as a responsible and cost-effective approach to industrial toxics, while
making concrete production-line changes with a positive impact on the epvironment.

6.1: Implementing TUR Changes

Some TUR changes require relatively little planning and can be implemented as soon as
approval is secured. In general, changes in work procedures and processing parameters fall
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Measuremenss of TUR
progress wil help you
document your juccesses and
failures, learn from your
axperiences, spot fresh
opportunues for TUR, and
gan the sort of resuls-
onented data which may heip
in obtaing approval for
addiaonal TUR projecs.

TURA NOTE: Acceptable TURA plans must include an implementation
schedule for all planned TUR changes, together with calculations of the expected
reductions in toxics used and byproduct generation associated with each change.
Bienmial plan updates must explain any failures to meet past implementation
schedules. See Appendix | for more information.

6.2: Measuring TUR Progress

In order to develop a sustained and effective program, it is extremely important to measure
your progress in toxics use reduction. Such measurements will help you to document your
successes and failures, learn from your experiences, spot fresh opportunities for TUR, and
gain the sort of results-onented data which may help in obtaining approval for additional TUR
projects

TUR progress can be measured in a number of ways. Some measurement methods are
relanvely easy and require Little data-gathenng, yet they are imprecise. Other methods are
more precise but require more nume.

It1s possible to measure vour progress in loose, qualitative terms. For instance, you might
confirm that use of certain toxics or production of certain toxic byproducts has been reduced
significantly, without quantfywng the precise degree of reduction. For some purposes, a
rough estimate of reduction percentages might suffice.

Tbe sbortcoming of such a qualitative measurement technique is that it may not supply
accurate epough data to fill out Form R's and Form S's, spot new opportunities for TUR,
or convince upper management that your TUR efforts have met with success. If you wish
to measure your progress with more precision, you should measure changes either in the
quantity of toxics used or in the quantity of toxic bvproducts generated.

Your choice of a2 measurement technique might hinge on the availability of data. If you
have ready access to data on the quantity of toxic substances used in the processes you have
modified. then you might wish to measure progress by tracking use reductions directly. On
the other hand. 1t mav be worth generating additional data to track reductions in toxic
byproducts. as this 1s the measurement method mandated by the Toxics Use Reduction Act
(TURA).

Whichever method you choose, vou will need accurate before-TUR and after-TUR data,
and you will have to adjust vour measurements to account for the effects of extraneous factors
such as changes in the rates at which vanous products are made.

This manual describes a method for measuring reductions in toxic byproducts. This data
will notoaly belp vou to rack TUR progress — it will also belp you to understand the precise
effects of your TUR changes, and to spot fresh opportunities for additional reductions in
toxics use. Those firms subject to TURA planning requirements are required to use this
method for reporting their TUR progress.

During the analyncal phase of your TUR planning (see Chapter 3), you used basic
materials accounnng tools to quantify the magnitude of the toxic byproducts created by the
processes you were tnvesnganng. This data will give you the baseline you need to measure
your TUR progress. If vou have not already quantified your byproducts, make sure to do
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Once you have identfied an
approprate unit of product.
you @n use the daa
generated by the materials
accounung you did in Chapter
3 to create 2 baseline for
measuning TUR progress.

thcwatofagzwmznvsxmpﬁexdup
efficient use of wxics.

coasidened "waters produced” as a possibie: Amit of product. However, the-wafe
produced by this fum \wwdmdmwﬁcmfourmchesmmmches and the:
camed anywhere from 10 to 20 masking layers. Because of these variationsin wafer
size and complexity, there was no prediciable: correfation between the mmzber‘cf
wafers produced 20d the volume of taxics used or released as byproducts. .

These difficulties were solved by tracking "square inches of silicon produced;’
and molnplying tus by a camplexity factor related to the namber of masking layers
used. Company engineers found that the resulting unit-of product correisted nicely
with the amount of bydrofluosic acid and other: aoxzcs which were either nsed o
created by the process. - - ;

Gauging TUR Progress

Once you have 1dennfied an appropnate unit of product, vou can use the data generated
by the materials accounnng vou did 1n Chapter 3 to create a baseline for measuring TUR
progress Youw matenals acounting data should tell you how much toxic byproducts your
pre-TUR process 1s creanny dunag a given period of ime. If vou divide this amount by the
total units of product created dunng the same period. then you will have the before-TUR
byproduct measure xnaunst wtuch vour TUR achievements can be gauged.

The after-TLR nyure 15 yenerated 1o much the same way. You will need to engage in a
fresh analvsis of vour madified production process, drawing up process flow diagrams and
chemical pathw av anals ses 1dentifving all points at which byproducts are released, and using
matenals azcounting or mass balance measures to assess the magnitude of those byproducts.
If you peed to retresh vour memory on how this 1s done, refer back to Chapter 3.4.

Ouce yvou bav e unplemented vour TUR change, you can gauge your progress by measuring
the total amount of the toxi¢ substance which 1s released as a byproduct of the altered process
overagiven penod of ume, and dividing that figure by the number of units of product created
over the same tume period. This will give you your post-TUR byproducts per unit of product.
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byproducts without actually reducing toxics use. As long as this sort of change falls under
one of the six categones of TUR techniques, it counts as TUR under the law. It may also
be very laudable —~ particularly if the toxic breaks down into benign components.

TURA NOTE: Measurement of progress is required under TURA’s annual
reporung requrements (Form S). These reports must identify all production units
at the faciliry, specify the unit of product for each production unit, measure the
byproduct reductions achieved for each toxic substance used in each production
unit, and 1dentify the kinds of TUR that have resulted in byproduct reductions of

TUR should not be a one-shot

affair.  Quite the opposite: 5% or more. These reductions are expressed in terms of a Byproduct Reduction
your first TUR projects should Index. which represents the percentage reduction achieved in byproducts-per-unit-
provide the sort of learning . product. These reduction percentages, in turn, are measured in terms of annual
experience nesded to make byproduct magnitudes. and indexed against byproduct magnitudes from a base year

your team more proficient at .
identifying. planning and specified on the form.

carrying out TUR changes. Form S also calls for the annual reporting of an Emissions Reduction Index for
each toxic substance 1n each production unit. This latter figure represents the
percentage reducton achieved In toxic emissions which are attmibutable to the
produchon umt.

The key to accurate measurement of progress under TURA lies in the selection
of appropniate producnon unts, products and units of product. The law permits a
wide degree of lantude 10 applying these categories to your facility. Each firm
should seek to designate production units whose products can be counted in a way
which permits meaningful measurement of TUR progress. That is, products must
be divisible into umts of product with relatively uniform toxic byproducts or
relatively umform toxics use.

For instance, the Law permuts firms to group similar products together as families
of products. which can be treated as a single product. These groupings will usually
hinder the measurement of TUR progress unless each member of the family is
produced with the same technology and can be counted in some way that yields a
similar per-umt rate of toxic byproducts or toxics use.

See Appendix |1 for more mformation about measurement of progress under
TURA.

6.3: Documenting TUR Accomplishments and
Sustaining Commitment

From the beginning, this manual has presented toxics use reduction as anew way of thinking
about your producnion processes — one which should inform al/ aspects of your production
planning on an ongoing basis. The manual recommends the creation of a TUR team to
instututionalize this new way of thinking by spreading awareness throughout the firm,
analyzing toxics use in production processes, identifying and evaluating TUR options and
overseemng the implementation of TUR changes.

If TUR 1s 10 take root and prove genuinely successful in your plant, it is critical that your
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CHAPTER 6: IMPLEMENTING PRojECTS AND TRACKING PROGRESS...

With the right combimaton of
enthusiasm, persistence and
sustined commitment. your
team can slowiy build
corporate-wide awareness of
TUR as an environmenully
responsible approach ¢
induserial toxies which is
sensiave to the bottom-ine
concerns of business.

planning process from the beginning, in order to insure that TUR measures are built into the
final result.

Your team can also enhance its effectiveness by staying abreast of new TUR technologies
and production techniques which might help to reduce your firm’s reliance on toxics. Tothis
end, you should trade ideas with other firms pursuing TUR, send representatives to trade fairs
or expositions focusing on environmental technologies, and stay in contact with OTA and the
Toxics Use Reducuon Institute at the University of Massachusetts at Lowell.

Remember that TUR alternatives take shape against the backdrop of pending regulations,
shifing costs of raw materials and disposal, and changing public concerns and customer
demands. It is important to be aware of any changes in this environment which might heip
you to identify new TUR opportunities or to make a case for TUR changes which might
previously have been unattractive.

In these ways, TUR is closely related to the much-discussed notion of Total Quality
Management. Like Total Quality Management, TUR requires the active and sustained
commitment of a wide range of personnel: from top management, to purchasers, to research
and development personnel. to preduction line workers. Both sorts of programs also call for
continuous wcremental improvements, each of which moves your firm closer to the uitimate
goal of best possible quality or of least possible toxics use and zero toxic discharge. And both
require continuous reconsideranon of new techniques, technologies and cost factors which
might make feasibie the further umprovements which yesterday could not be attained.

With the right combinanon of enthusiasm, persistence and sustained commitment, your
team can slowly build corporate-wide awareness of TUR as an environmentally responsible
approach to mdustnal toxics which is sensitive to the bottom-line concerns of business. In
the process, you can help to make concrete production-line changes which will have apositive
impact on worker health and safety, public health, and on the patural environment we all
share.
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Appendix |: TURA Require-
ments and This Manual

Al.0: TURA Requirements and This Manual -- An
Overview

As noted 1n the introduction, TUR is not only a new business practice and a new mindset for
thinking about environmental protection — it is also a new approach to environmental
legislanon. To date, more than one dozen states have passed legislation requiring businesses
to carry out TUR or other ciosely related pollution prevention initiatives. In July of 1989,
the Massachusetts legislarure unamimously passed the Toxics Use Reduction Act(TURA), the
first and one of the most ambinous of these state pollution prevention bills.

TURA. wiuch was developed 1n close cooperation with industry leaders, requires large-
quantity users of toxic matenals to report on their use of toxic substances, and to undergo a
planning process aimed at identifying and evaluating TUR options. TURA sets “a statewide
goal of reducing toxic waste generated by 50% by the year 1997 using toxics use reduction
as the preferred means of meeting this goal.”” Other goals of TURA include: establishing TUR
as the preferred means for regulatory compliance, promoting the competitiveness of
Massachusetts industry, and coordinating state environmental programs.

This general-purpose manual is designed to help launch successful TUR programs at all
Massachusetts institutrons which use toxics — both those which are required to do TUR
planning by the state’s Toxics Use Reduction Act (TURA), and those small-quantity toxics
users oot covered by the law. The aim of this manual, then, is not principally to help
businesses meet the letter of the TURA planning requirements, but to promote TUR as a new
way of thinking about manufacturing processes and their impact on corporate finances and
the environment The emphasis is on helping businesses to create and sustain in-plant TUR
programs which ideanfy and act on TUR opportunities.

However, while this manual is not focused specifically on compliance with TURA, it
should prove quite useful to any firm seeking to understand and meet the requirements of the
law. OTA's expenence indicates that forming a TUR team and launching the sort of TUR
program described in this manual is the most effective way to accomplish the kind of toxics
use reducnon encouraged by the law. This remains rue whether or not your firm plans to
retain an epvironmental consultant o help you comply with TURA.
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APPENDIX | : TURA REQUIREMENTS AND THIS MANUAL...

By July |, 1994, each Large
Quanoty Toxc User must
develop and cerdfy 2 Toxs Use
Reducnon plan wrth specific two-
year and five-year reducton goais
and a2 deniled mpiemenaton
schedute.

recycling only counts as TUR if it is integral to the production unit in which the toxic
substance is used. The reason for this requirement is that off-site or out-of-process recycling
requires handling and transportation of toxics - either within a factory or between two plants,
via public highways. This handling and transportation can pose a risk to the environment,
as well as to public and worker bealth. Thus, while recycling toxic substances is usually better
for the environment than simply discarding them, it is not the sort of optimum solution which
eliminates the threat posed by toxics by cutting them off at the source.

It is worth mennoning a few other kinds of production changes which do not count as
Toxics Use Reducton. For instance, on-premises treatment or incineration of toxics is not
a form of TUR. Likewse, any production change which shifts risks from one medium (ie.
air, water, landfill) to another does not count as TUR.

Who Is Subject to TURA?

TURA planning and reporting requirements apply to firms which meet all three of the
followwng cntena:

* Process or manufacture at least 25,000 pounds or otherwise use at least
10,000 pounds of substances regulated under Title |ll of the federal Superfund
Amendment and Reauthorzation Act (SARA). From 1991 to 1993, the act was
expanded gradually to nclude all substances regulated under the federal Comprehen-
sive Ervironmental Response and Compensation Liability Act (CERCLA). Additional
chemicals may be added to or deleted from the list at the rate of no more than 10 per
year at the discretion of the TUR Council.

* Employ 10 or more full.-ume employees (or the equivalent, where | full-time
empioyee = 2.000 work hours per year.)

* Fall within Standard Industrial Classification (SIC) codes [0-14 (mining); 20-39
(manufacturng): 40, 44-49 (transportation, communications, gas, electric, and sanitary
services). 50.51 (whoiesale trade); and 72.73,75,76 {certain services).

Companies which meet all three of these criteria are categorized by the law as Large
Quantity Toxics Users (LQTUs). These firms are required by TURA MGL Chap. 21I) to
file annual reports which deta] thetr use of listed substances and document their ongoing
efforts to reduce or ehiminate their dependence on these substances. By July 1, 1994, each
of these busmesses must develop and certify a Toxics Use Reduction plan with specific two-
year and five- vear reduction goals and a detailed implementation schedule. These plans must
be updated every two vears. Section Al3 of this Appendix explains this planning process
in some detad. The Addendum contains the TURA Planning Regulations (310 CMR 50.00).

All Massachusetts toxics users which do not meet the above three criteria are categorized
as Small Quantity Toxics Users (SQTUs). After July 1, 1995, certain SQTUs which fall
into designated "pnonty user segments” may also be subjectto TURA reporting and planning
requirements.

The implementanon of TURA 1s funded by an annual fee levied on all LQTUs, based upon
the number of peopie they employ and the number of chemicals they use at above-threshold
levels. Thus fee covers DEP's regulatory and enforcement costs associated with TURA,
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A judicious division of your
plant into producuon unic
can heip make your TURA
planning effors more
effecuve and your annual
measurements of progress
more meaningful.

Under the law, a product is defined as ““a product, family of products, an intermediate product,
afamily of mtermediate products, or a desired result or a family of results.” Itis worth giving
a good deal of thought to the appropriate specification of products and production units, as
these groupwgs will provide the framework for your TURA planning and your annual
progress reports. A judicious division of your plant can help make your TURA planning
efforts more effective and your annual measurements of progress more meaningful.

Essennally, there are two ways in which firms can gain flexibility in dividing their plant
into production umts The first is by deciding whether to consider related products singly,
or to group them together into a family of preducts. By considering each product singly,
a firm can divade 1ts plant into a large number of distinct production units. On the other hand,
by grouping products into families, the number of production units can be minimized.

Firms can also gam flexability in designating production units by counting desired results
and intermediate products among their products. These categories are broad enough to
include the outputs of many preliminary manufacturing stages. Thus, by specifying
producton umts w terms of wtermediate products and desired results, firms can achieve a
more fine-toothed analvucal division of their processes. Alternatively, they can reduce the
number of production units by coansidering only final products and results.

From the pomwnt of view of paperwork simplification, it may appear attractive to ignore
intermediate products and group finished products into a small number of large families, thus
minumizing the pumber of producnon units on which you must report each year. However,
broadly defined produchon unms which encompass several different toxic chemicals and
technologies are likelv to confuse vour efforts to analyze processes, pinpoint wastes and
generate TUR alternanives More umportantly, broad production units are likely to make it
impossibie to measure TUR progress in any meaningful way.

In divdimg vour plant into production units, it is especially critical to designate production
units for which relanvely constant correlations exist between the volume of toxics used or
generated as byproduct, and the amount of product produced. As was explained in Chapter
6, this is the key to meaning ful measurement of TUR progress. Of course, the constancy of
this correlanon will depend wn part upon how you decide to count your product — that is, on
what unit of product vou select However, if you draw your production units too broadly,
including within them products which are made through disparate production technologies,
then there mav be no wa+v of counting products which will render a relatively constant
correlanon between toxics use or toxic byproduct generation, and units of product produced.

Io geperal, you can group products together in one family of products if they do not differ
significantlv n the techoologres used to produce them, the amount of toxic chemical used in
producing them. and the amount of toxic byproducts generated while producing them. One
way that progress 1s measured under TURA is by tracking reductions in toxic byproducts, so
it 1s especially cntical that vou group together only those products which produce particular
toxic byproducts at sumilar rates

The final task tn the division of your plant into production units is to specify a unit of
product for each production umt. This must be done because your TUR progress cannot be
measured meaningfully through raw measurements of toxics use or byproduct generation.
Such measurements can shift due to factors having nothing to do with TUR — such as changes
in production rates or in the average size of products. In order to render your byproduct data
useful, you must relate it to the total number of units of product produced. For TURA
reporting purposes. this is done by keeping tabs of roxic byproducts per unir of product.

The kev here 1s selecting a unit of product which produces a constant per-unit magnitude
of toxic bvproducts. Such a unit of product may be expressed in terms of pieces produced,
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One of the most imporant
steps your firm can tke ©
insure long-term TUR
progress is to supplement
your current record-keeping
30 that you have compiete
and accurite dam on toxics
use. and on byproduct and
emissions generation.

production process; that 1s. you may have to draw up process flow diagrams and conduct
chemical pathway analyses in order to identify all points at which byproducts are released.
Then, you will be in a position to use materials accounting to measure the magnitude of those
byproducts. Provided that you have information about treatment efficiencies, you can use
these byproduct magnitudes to gauge your emissions magnitudes. (If you needto refresh your
memory on how these steps are done, refer back to Chapter 3.)

Once you have calculated vour annunal byproduct and emission magnitudes, you can divide
them by the total units of product produced during the reporting yearto gauge your byproducts
per unit of product, and your emissions per unit of product. You now have the information
needed to fill out your Form S.

The foliowing formula will yield your Byproduct Reduction Index (where A = Base
Year Byproducts/Unit Product; and B = Reporting Year Byproducts Per Unit Product):

Byproduct Reduction Index =100 x A - B
A

The emissious reduction index can be measured with precisely the same formula (where A
= Base Year Emissions Unit Product; and B = Reporting Year Emissions Per Unit Product).

When measuring reporung vear byproducts, keep an eye out for byproducts or emissions
anising from maintenance or cleaning operations which are not performed routinely. If your
reporung- vear data reflects waste from these operations and your base-year data does not, this
may cause vou to understate vour progress. Such anomalies can be noted in section 1.4 of
the Form S

TURA does not requure firms to install new monitoring equipment to gather the data
requured for TURA reporung  Instead. firms are asked to use the best information they have
on hand. However, one of the most important steps your firm can take to insure long-term
TUR progress is to supplement vour current record-keeping so that you have complete and
accurate data og toxics use, and on byproduct and emissions generation. Whatever your
record-keeping techniques, TURA requires all firms to maintain on-site records of the data
used to perform the calculanons required by the Form S report.

TradeSecrets

Any informanon included oe the Form S reports is available to the public unless the firm
requests tade secret status for that specific piece of information. Then, it will be kept
confidenual unless DEP determines that the information is not a trade secret.

There is a space for requesting ade secret status on the Form S Cover Sheet. In orderto
qualify as a rade secret, information must meet specific critena spelled out in Departmment
of Enviroamental Protection regulations (3 10CMR 3.30).

In general, the forms should reveal nothing of interest to competitors, as they include
geither the quannry of product or byproducts or emissions produced. They contain only
percentage changes 1o byproducts and emissions per unit of product, and these numbers
cannot in general be used by competitors to determine how much of any given chemical is
being used by or released from your plant.




For each producdon umit. the
plan must include a2 process
flow diagram which provides
2 visual representaton of the
movement of toxics within
the producoon unit — both
those which flow into the
process as maw materials and
those which exit the process
as byproducts, emissions or
products.
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change in toxics use, and percentage change in byproduct generation. (See Chapter 2.3 on
goal-setting and Chapter 3 on materials accounting)

(b) Production Unit Information

(i) Process Flow Diagrams: For each production unit, the plan must include a process flow
diagram which provides a visual representation of the movement of toxics within the
production unit — both those which flow into the process as raw materials and those which
exit the process as byproducts, emissions or products. The diagram must represent each step
in the manufactunng process, mcluding waste treatment activities and recycling activities that
are not integral to the producton unit. The number assigned to the production unit for Form
S reporung purposes must appear on the process flow diagram. (See Chapter 3.3 on Process
Flow Dragrams.)

(ii) Curreat and Projected Toxics Use and Byproduct Generation: The plan must inciude
the following matenals accounting figures for each production unit: (i) the total amount, and
the amount per unit of product. of each covered toxic manufactured, processed or otherwise
used; (i1) the total amount. and the amount per unit of product, of each covered toxic generated
as a byproduct; (i1i) the total amount, and the amount per unit of product, of each covered
toxic released or transferred off-site as an emissjon. (See Chapter 3.1 on data-gathering and
Chapter 3.4 on matenals accounting.)

(iii) Unit of Product: The umt of product which has been chosen for each production unit
must be identified in the plan. (See Chapter 6.2 and section Al.2 of this Appendix.)

(iv) Purpose Served by Toxic: The plan must contain a statement explaining the purpose that
each toxic serves in each unt of product.

(v) Byproduct Measures: For each byproduct identified on the process flow diagram, the
plan must include the amount treated on-site, treated off-site, recycled on-site, recycled off-
site, disposed of on-sute, disposed of off-site, or released. (See Chapter 3.3 and 3.4)

(vi) Emission Measures: For each emission identified on the process flow diagram, the plan

must include, for each environmental medium, the amount released to the environment,
transferred off-site, treated off-site, recycled off-site, or disposed of on-site or off-site. (See

Chapter 62)

(vii) Cost of Toxics Use: The plan mustinclude the cost of the use of each toxic, as calculated
in the financial analysis porton of the plan. (See below, A1.3, section 'c")

(viii) Byproduct Reduction Goals: The plan must include two-year and five-year goals for
the Byproduct Reduction Index, reflecting the expected impact of the TUR techniques chosen
for implementation. (See Chapter 2.3)

(c) Financial Analysis of Toxics Use

For each toxic used in each production unit, the plan must include the total cost per year and
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The plan must describe each
option chosen for impiemen-
aQuon, deail the coss and
savings associated wich it
and list the reducnons in
toxics use and byproduct
generauon which are

expected to result from the

option.

capital budgeting procedures.

*An examination of the relationship between the option and other applicable laws and
regulations, including but not limited to whether implementation of the option will violate
any other laws or regulations.

(iv) Evaluations Which Need Not Be Completed: Toxics Users need not complete
evaluations of options which are clearly technically infeasible, clearly financially infeasible,
or which are not likely to result in reductions in toxics use or byproduct generation per unit

of product.

(v) Options Not Chosen for Implementation: The plan must describe each listed option
which will not be impiemented, and explain why the option was not chosen for implemen-
tation.

(vi) Options Chosen for Implementation: The plan must describe each option chosen for
implementaton. detail the costs and savings associated with it, and list the reductions in toxics
use and byproduct generation which are expected to result from the option. (From above-
described Options Evaluation) The plan must also include an implementation schedule. (See

Chapter 6.1.)

{vii) Incomplete Evaluations: If the evaluation of a particular option cannot be completed
in time to be submitted with the plan, the plan must include a description of the option, an
explananoa as to why the evaluation remains mcomplete, and a schedule of steps which will
be taken to complete the evaluation.

(e) The Plan Summary

TURA plans are not subminted to DEP but remain instead on the plant premises, subject to
DEP inspection. However, a plan summary must be submitted to DEP by July 1 of the year
in which the plan is due. The summary must include:

(i) A copy of the plan certification statement.

(i) Expected Facilitv-wide Changes in Toxics Use and Byproduct Generation: Two-year
and five-year projecuons must be made for: expected change in pounds used, expected change
in pounds of byproduct generated, expected percentage change in use, and expected
percentage change 1o byproducts. (See Chapter 2.3 on goal-setting and Chapter 6.2 on
measuring TUR progress)

(iii) Byproduct Reduction Goals: Two-year and five-year goals for the Byproduct Reduction
Index. These goals must reflect the expected impact of the TUR techniques which have been
chosen for implementanon. (See Chapter 2.3)

(iv) TUR Matrices: For each production unit listed on the Form S, the plan must include a

matrix of the sort which accompanies the Form S report. The matrix should indicate which
of the six kinds of TUR (See Chapter 4.2.) will be implemented over the next five years,
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Appendix 2: Glossary of TUR
Terms and Acronyms

Anodizing: A process that coats alummum with a hard, corrosion-resistant oxide coating.

B

Byproduct: Under TURA, “All nonproduct outputs of toxic or hazardous substances
generated by a production umit, prior to handling, transfer, treatment or release.” If the
"byproduct” is reused as is without processing or treatment, it may be regarded as product.

Byproduct Reduction Index: A calculation used for TURA reporting purposes which
represents the percentage reduction achieved, over a specified baseline year, in byproducts
per unit of product. See Appendix Al.2 and Chapter 6.2.

C
Capital Costs: One-ume costs of planning and implementing a production change. See

Figure 5D

CERCLA: Comprebensive Environmental Response and Compensation Liability Act
(federal) All toxics listed under CERCLA will be included in TURA by the end of 1993.

Chemical Inputs Database: A database which lists the chemicals in use in a plant and
specifies the amount used. the cost of the substance, the waste streams in which it appears,
the reguianons to which 1t 1s subject, and the processes or operations in which it is used. See

Chapter 3.1

Chemical Outpats Database: A database that lists each chemical leaving a plant, and
specifies the amount released. the treatment and disposal costs, the waste streams in which
it appears. the regulatioas to which it is subject, and the processes in which it is used. See

Chapter 3.1

Chemical Pathway Analysis: A diagram which graphically depicts the pathway of a toxic
chemical through a production unit, and locates all points at which portions of the substance
are released as byproducts. See Figure 3D.

Cost Differential: The annual change 1n operating costs realized by a TUR project or any
other capital project

D
DEP: Department of Eavironmental Protection (Commonwealth of Massachusetts)

Differential Costs: Operating costs which would be changed by a TUR project or any other
capital project. See Figure 5C.

Direct Costs: Operanng costs which can be assigned directly to a particular product or
production unit. See Figure 5B.
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or less toxic substance.” See Figure 4C.

Intangibie Costs: Operating costs which have areal bottom-line impact yet which do not lend
themselves to precise measurement. See Figure 5B.

Intermediate Prodact: Under TURA, “(a) in chemical manufacturing, any chemical
substance that 1s consumed, m whole or in part, in chemical reactions used for the intentional
manufacture of another chemical substance or mixture, or that is intentionally present for the
purpose of altenng the rate of chemical reactions. . . ; (b) in any other setting, any
manufactured substance that is consumed, in whole or in part, in a chemical or physical
process for the mtennonal manufacture of another product, becomes a component part of
apother product. or that is intennonally present for the purpose of aiding the manufacture of
another product. ~

L
Liability: [ the coatext of TUR, liability is the potential cost which may arise from being
found liable for damagng the environment or for harming public or worker health.

LQTU: Large Quanar Toxics User. Under TURA, this category includes “any toxics user
who manufacrures, processes, of otherwise uses any toxic or hazardous substance in an
amount the same as or greater than the applicable threshold amount in a calendar year at the
facility. ™ See Chapter 13

M
MSDS: Matenal Safety Data Sheet (required by OSHA Commumication Standards).

Materials Accounting: Any analvtical technique aimed at identifying and quantifying the
materials which enter and ¢t a g1ven production process or production facility. See Chapter
34

Media/Medium: The three environmental media are air, water, and land.

N

NPDES: National Pollunos Dhscharge Elimination System (NPDES) discharge permits are
issued by the federal EPA under the federal Water Pollution Control Act.

O
OSHA : Occupational Safety and Health Administration (federal)

OTA: Office of Technucal Assistance for Toxics Use Reduction, the nonregulatory state
agency which authored this manual, was established by TURA to provide confidential
technical TUR assistance at no charge to Massachusetts toxics users. OTA can be reached
dunng bustoess hours at (617) 727-3260. See Chapter 1.4.
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SQTU: Small Quanaty Toxics Users. Under TURA, all toxics users which are not classified
as LQTUs (See LQTU definition above).

Superfund: The federal program authorized by CERCLA and SARA which carries out
EPA's solid waste emergency response and long-term remediation activities.

T
Toxics/Texic Substance: Under TURA, any chemical on the toxic chemical list under
EPCRA secnon 313. By 1993, all chemicals regulated under CERCLA sections 101(14) and
102 wall also be considered toxic under TURA.

TUR: Toxics Use Reducnon. Under TURA, “in-plant changes in production processes or
raw matenals that reduce, avoid or eliminate the use of toxic or hazardous substances or
generanon of harardous byproducts per unit of product, so as to reduce risks to the heaith of
workers, consumers, or the environment, without shifting risks between workers, consum-
ers. or parts of the environment.” TUR can be achieved through six techniques: product
reformulancn, process redesign, process modermization, input substitution, reuse/recycling,
and improved operanon and mantenance. See Chapter 1.1.

TURA: Massachusents Toxics Use Reduction Act (MGL Chap. 211, Regularions: 310 CMR
50.00). See Chapter 13 and Appendix 1.

TURI: Toxics Use Reduction Institute (state). TURI was established by TURA to research
and publicize TUR opportunities, offer courses and seminars on TUR, certify TUR Planners,
and carrv out other related acuvities. The Institute, which is focated at the University of
Massachuserts a1 Lowell, can be reached at (508) 934-3275.

U

Unit of Product: Under TURA regulations (310CMR 50.10), "A measure that reflects the
level of production or acawviry associated with the use ofthe toxic or the generation of the toxic
as byproduct * See Chapter 6.2 and Appendix A1.2.

w

Walkthrough: An on-site inspection of production processes aimed at solidifying under-
standing of production processes and launching the search for appropriate TUR proposals.

See Chapter 3 &
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Appendix 3: Bibliography of
TUR Resources

Note: The following is a partial list of resources and publications on Toxics Use Reduction.
Inclusion of any informanon which features particular products or proprietary technologies
does not represent an endorsement of those products or technologies by the Commonwealth
of Massachusetts, but simply an indication of their availability.

All of the following materials are available at the OTA library. Some of the materials can
also be ordered from other sources, and where possible we have listed these sources. If you
are interested 10 perusing or obtaining a copy of these materials, contact OTA at (617) 727-
3260.

A. General Information on Toxics Use Reduction

I. The U.S. Poilution Prevention Information Clearinghouse (PPIC)

The US. Ervironmennal Protecuon Agency mainmins a free telephone service to handle inquiries
about poilubon preventon, and to assist in document searches. The PPIC has a library of more
than 400 case itudies of successful pollution prevention projects in 2 wide variety of industries.
Many of thase case swdias fall wittwun the category of Toxics Use Reduction. The EPA library also
includes more than 400 holdings on federal. state and local polluton preventon projects. industry
programs and waita mimmazaton issessments. The PPIC can be reached by aalling either the
RCRA Superfund Hodine at (800) 424-9346 or the Small Business Ombudsman Hodine at (800)
368-5888. Technical questons can be addressed to experts at the PPIC Technical Assistance
Hotline at (703) 82:-4800

pR al, 92 pp. Available from:

Harardous Waste Engineering Research Laboratory
Office of Research and Deveiopment

US Environmenal! Protscuon Agency

Cincinnan. Ohio 45268

Oregon Department of Environmenaal Quality
Bl Southwest éth St

Pordand. Oregon, 97204
(503) 229-5911]

Abstract: A planming manual for waste reduction, with worksheets which may prove useful to
some Massachusets businesses

4. Minpesota Guide to Pollution Prevention Planning, 108 pp. Available from:

The Minneioa Techmcal Assistance Program
Box 197 Mayo Buiiding. 420 Delaware St
Umniversity of Minnesoa

Minneapolis, MN 55455

(612) 625-4949

Abstract. A planrung manual for pollution prevendon which is similar to this manual in scope and

intent.
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Abstract A comprebensive guide -- complete with worksheets and software program -- to
caleulating the true costs of waste management alternatives and to identifying cost-effective
waste minimization strategies.

S. “Methods Used to Analyze Waste Control Options,” |1 pp. by Douglas W. Cooper
Abstract A look at costbenefit analyses and risk assessments of hazardous waste management
options under condimons of uncerminty.

6. “Hazardous Waste Reduction — Measurement of Progress,” 15 pp. by Michael R. Overcash.
Avaiiable from:

Michael R. Overcash
Department of Chemical Engineering
North Caroina State University, Raleigh, NC  27695-7905

Abstract A new economic-based method for measuring waste reducdon progress

7. “Motivating Industry Toward Waste Minimization and Clean Technology,” || pp. by Richard
W. Maclsan. Availabie from:

Richard E Maclean
Corporata Ermronmenti Programs
General Electne Company

3135 Easton Turnpeke
Farfield, CT 06431

D. Alternative Processes and Technologies: Metal Finishing

i. “Closed-{.ooped Metal Finishing Processes,” |1 pp. by Timothy Greiner, OTA

2 “Waste Raduction in the Metal Finishing and Metal Plating Industries: Drag-out and Rinse
Technologies.” | p_. Massachuserss OTA Brochure.

3. “Waste Raduction in the Metal Finishing and Metal Plating Industries: Recovery Technologies,”
| p. Massachusets OTA Brochure.

4. “Wastewatsr Treatment and Recovery System at the Robbins Company,” 2 pp.. OTA Case
Study.

S, “Zinc Discharge at the Lowell Corporation,” 2 pp.. OTA Case Saudy.
6. “Taunton Siversmiths Limited,” 2 pp, OTA Case Swdy.
7. Howard H. Sweet and Son, Inc.” 2 pp. OTA Case Study.

8. “Source Reduction Recommendations for Precious Metal Platers,” 20 pp. prepared by the
Massachusetts OTA

aZArgoys :,X

The Polluoon Prevenuon informaton Clearinghouse
(800) 424.934¢
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26. Waste Audit Study: Metal Finishing Industry, by the California Dept of Health Services.

Available from:

Department of Heaith Services
Tox Subsances Control Division
Alternative Technology Section
714/744 P Screet

P.O. Box 942732

Sacramento, CA 94234-7320

27. “20 Ways to Cut Water Usage in Plating Shops,” 7 pp.. by Ted Mooney.
Available trom:

Finishing Technology

Ted Mooney

14 Fddler's Elbow

Kinnelson, Nj 07405

(201) 838-1346

28. “Removal of Metal Cations from Chromium Plating Solution,” 17 pp., by George C. Cushnie,
Jr. of CAl Enpneerng and Wayne Anderson of Harper and Thiel Inc.

29. “Closed-Loop Proceming of Chromic Acid Solutions,” 10 pp. by Daniel |. Vaughan, Wiliam
E Schmdt and Beverty V Schmedt of the lonsep Corporation.

30. “RinsaReciaim -~ Pollution Prevention for Metal Finishers,” 3 pp. by joseph |. Werbicki.
Mirro-Brte Corporanon, Pawtucket, RI

31. “Purification and Rastoration of Chromic Acid Plating Solutions,” 4 pp. lonsep Corporate
Brochure

32 “Good Operating Practices in Electroplating: Rinse Water and Waste Reduction,” 10 pp.. by
Petar A. Gaflerini. pressdent of integrated Technologies, Inc.

33. “Continuous Purification of Trivaient Chromium Plating Baths,™ 8 pp. by Joseph M. Ragosa,
PhD and Denns Darmall. PAD of Bewo-Recovery Systems and Vincent C. Opaskar of Engelhzrd
Corporation

34. “PMF Nicksl Recovery Prosect,” 5 pp. by Jeff Collins and Chrstwopher Gervascio of PMF Inc.

E. Alternative Processes and Technologies: Solvents

l. “L. G. Balfour Company, Inc.” 2 pp., OTA Case Swudy.

2 “Waste Manzgement Opportunities Solvents and Waste Oils,” | p. OTA Brochure.

PP Cau (800) 424.934¢

4. “Waste Minenuation in Metal Pares Cleaning,” EPA Document #530 SW-089049. Call (800)
424-9346.

S. “Aiternaze Control Technology Document ~ Halogenated Solvent Cleaners,” EPA Publicadon
£#450/3-89-030. Call (B0D) 424-9346.

6. Guidelines for Waste Reduction and Recycling: Solvents, 44 pp. A publication of the Oregon

Hazardous Waste Reducnon Program. Call (800) 424-9346.
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2 “Pulp and Paper.” 17 pp.. and “Fy Ash,” 5 pp.. from m _Pollution P n
Available from:

The Poliuton Probe Foundadon
12 Madison Avenue

Toronmw. Onano

Canada MSR 2S1

3. “Poliution Prevention Techniques for the Wood Preserving Industry,” N.C. Polluton Prevention
Program. Avulabie from:

Polluaon Prevenaon Program

The N.C. Dept of Natural Resources and Community Development
P.C Box 17487

Raiegh. NC 27611-7687

(919} 733.701$

4. “VYolatile Component Recovery from Sulfite Evaporator Condenser,” by W. A_ Sherman of the
US. EPA. Call (800) 424-9346.

S. “Procass Spill Montoring, Control and Recovery in the Pulp and Paper Industry,” by G.W.
Grove. |} McKeown. ana A ] Cartson of the US. EPA. Call (800) 424-9346.

6. “Closed Water Loop im MSSC Corrugating Medium Manufacture,” by G.O. Walraven, et al. of
the US EPA CLil(800) 424-934¢

7. “Advanced Filtration of Pulp Ml Wastes,” by US. EPA. Call (800) 424-9346.

8. “Toxicity Reduction Through Chemical and Biological Modification of Spent Pulp Bleaching
Liquors.™ »y US EPA  Cail (800) 4214-9346.

9. “A Nowsl Low-Poliution Approach for the Manufacture of Bleached Hardwood Puip,” 16 pp.
by Alfred Wong and Jon Tucow of Artokem inc., Vancouver, Canada.

10. “Practcal Staps Leading Towwd the EMuent-Free Mill,” 6 pp. by B. Coezee and CJ.
Daviesof SAP#™ Ltd. and FE Mers snd LK Swift of Cas. T. Main, Inc., from “TAPPI journal,”
April. 1985 pp 92.7

fl. “Great Laims Ml Cots EfSwent Loard With a Pressure Diffusion Washer,” by | CW. Evans,

from Pyip and Paper wov 59 ma 4. 1985, p. 100. Noge: Not Availzbie ac OTA Librry.

12 “Recycie Approaches fur Paper and Pulp Mills,” 3 pp. by |.C. Wyvill and |.C. Adams, from
Witerwortd Ngwy, voi | Ao S Seprember/October 1985, pp. 18-20. Note: Not Available 3¢

OTA Library
13. “Substitutng Chiorme Dwmxide for Elemental Chiorine Makes the Bleach Plant Effluent Less
Toxic,” by P Axegard wom TAPP! Journal vol. 69, no. 10, 1986, p. 54. Note: Not Availzble at

OTA Ubnry _
H. Alternative Processes and Technologies: Other Industries

1. “Success Story: Wastewater Treatment and Source Reduction at L. Farber Co., Inc.” OTA
Case Study.

Z *“immortal’ Etchants,” | p. OTA Technology Report
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Sebastian R. Sperber. Available for $47.50 from:

INFORM
38! Park Averwe SW
New York, NY 10016

PP~ by Monsca E. C&mpbdl and W'llham ™. Glenn of the Polll.mcn Probe Foundanon Available
from:

Pollubon Probe Foundiuon
as Madison Avenue
Toront., Oranc

Canada M5R 2SI

21. “Environmentally Safe Recovery of Silver from Photo Waste Material,” |0 pp. by Benn

Hermansson. Amerwcan Fotokemi. Inc., from Massachysetss Hazardous Waste Reduction Confer-
snce Procgedings. 1984,

sy TR T T ot T s TR T




index




Index

Symbols
3M Company 11
A

Acids 21, 34

etchants 21, 53, 65, 66

muriatic 66

nimric acid 21
Aerospace mndustry 59
Aluminum Processing

Company 11

Ammonium thiosulfate 67

B

Batch processes 37
Biodegradable plastics 51
Bramnstorming 44, 47-49
Byproduct
defimtion 106
Byproduct Reduction
Index 97, 106-107
Byproducts 36, 37, 39, 40,
41, 42, 45
defimuon 14, 113
estimantng magni-
mde 42-43
formula 41
sales 79, 83

C

Cadmium 5!

Capital budgenng (for TUR
projects) 88

Carbide bits 54

Cause Champions 24

Chemical bath life exten-
sion 63-67

Chemical Inputs Data-
base 30, 41

Chemical Qutputs Data-
base 30

Chemical Pathway Analy-
ses 39

sample 40

Chemicals manufacnur-

mg 53

Chip spinners 62
Chlorofluorocar-
bons 11, 56, 58
Cleaners/degreasers 11,
43, 52. See also Solvents
Cleaning/degreasing 43
TUR alternatives 11,
37, 54, 56, 58-60
Communiry rela-
tions 15, 80
Consultants 24, 48, 70
Coolants 52, 54, 66
TUR Alternatives 60-
62
water-based 52

D

Data gathering 31, 35
Data venficanon 45
Degreasers. See Cleaners/
degreasers
Deparunent of Environ-
mental Protecton
(DEP) 31, 35
Dhgital Equpment Corpo-
ration 35
Disposal 13, 50
Disposal costs 15, 30,
31, 32, 82
Drag-in  66-67
Drag-out 43, 53, 54,
56, 65-66
metal planng 63, 64
solvents 59
Dnp boards 66

E

Electrodialysis 34
Electrolyuc recov-
ery 64, 65, 67
Electronics indus-
oy 52. 53,59
Electroplat-
mg 12, 43, 52, 59
alkaline zinc baths 52
automatc barrel
lines 53

closed-loop plat-
ing 63, 64
counter-current rins-
ing 63
drag-out reduc-
ton 54, 56, 63, 64
evaporative recov-
ery 64
filration 64
general TUR tech-
niques 64-65
gold plating 64
nicke] plat-
ing 37, 39, 64
planng solution re-
use 57, 64
electrolytic recov-
ery 64, 65
ionexchange 65
silver plating 63
water conservation 63
zinc phosphating 64
Emission
definition 14, 106
Emissions 30, 31,
42, 43
Emussions Reduction
Index 97, 107
Employee incengves (for
TUR) 24, 67, 68,
75, 98
Environmental Protection
Agency 16
Equipment clean-
ing 37, 45
Evaluarion (of TUR
options) 72
financial assess-
ment 7636
screening options 73
technical and managenal
assessment 75-76
Evaporation 43, 45, 64

F

Family of products/results
(under
TURA) 33, 105

e -

Fats, oils and grease
FOG) 25
Filtration 59, 61, 64, 67
in-tank 67
Final product (under
TURA) 33, 41
Financial accounting for
TUR 15
Financial Analysis (of TUR
Options) 76-86
capital costs  85-86
cost differential  82-84
differential costs 79-81
direct costs 77
indirect costs 81
intangible costs 81
liability
costs 77, 84, 85
operating costs 76-78,
78
overhead 76
payback pertod 86
qualitative analysis 83
quantitative analy-
sis 82-83
social costs 76
Flowchart (for TUR
projects) 27
Focusing TUR re-
search 32
Form R (SARA
313) 31, 35, 93, 104
Form § 93
Form S
(TURA) 31, 35, 104—
107
Freon 12
Fugitive emissions 36

G

Goals (for
TUR) 25, 33, 71, 75
Gold plating 63. See also
Electwroplating

H
Hi-Tech Gold Plating
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Sump cleaning 62

Superfund 15, 58, 77, 80

Superfund Amendment and
Reauthorization Act
(SARA) 31, 35 &, 13-
104

Surface tension 66

T

Testing and apaly-
sis 43, 75
Textiles industry 53
Titanium 51
Toxics Management
Hierarchy 13
Toxics Use Reduction
(TUR)
buildmg awareness
among employ-
ees 22, 24, 44, 97
common principles and
techuques 5866
defininon 12, 14, 50
documentng accomplish-
ments 97
financial accounting for
TUR projects 15
flowchart 27
focusing research 32
goals 25
tmplemennng
projects 91
incentives for pursuing
TUR 1516
measuring
progress 41, 42
multi-mediascope 13
policy statement 21-22
six kinds of
TUR 12, 49
the TUR team 21
benefits 24
composition 23
organization 22
Toxics Use Reduction Act
(TURA) 16—
17, 101-109

facilities covered by
TURA 103
fees 80, 82, 84, 103
goals 17
measuring progress
under TURA 93, 97
planning require-
ments 18
reporung require-
ments 104-107
thresholds 17
TURA
Nows 18 X2 24, 26,
BITLARAPBRNBT
Toxics Use Reduction
Insnnute
(TURND 70. 99
Trade associations 48, 70
Trade secrers 107
Treatment 13, 50
Treatment
ass 1530 3L 32 &
Tnchloroethviene
(TCEy 11, 37, 56. 59

U

Unit of product (under
TURA) 42, %4, 97,
105-106

Utilides 7§

A\

Vacuum distillation 21
Vendors 48, 73
Viscosity 66

W

Walkthrough 4445

key quesnons 1o ask 46
purposes 44

Waste Minimizanion
defininon 14
Wastewater 25

aeranon 25

Water conservation
elecoplating 63

Worker involvement 24,
45, 48, 55, 67, 70, 98
Worker training 49,

56, 67, 68, 70, 75, 92

Zz
Zinc phosphating 64
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